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PREFACE TO THE SECOND EDITION 


The economic and other developments of the past few years have 
caused an increased interest in business statistics, and they have like- 
wise caused new problems to arise in the application of statisti- 
cal methods. In view of these conditions, this book on business statistics 
has been revised with the objective of bringing it more nearly in line with 
current business needs. The point of view throughout the revision is 
the same as that in the first edition, m., that of the business man, who 
judges the value of statistics according to their usefulness in securing 
practical results. 

The book has been expanded particularly with regard to machine 
tabulation, index numbers, and the analysis of business cycles and long- 
time trends, and a chapter has been added on the normal curve and the 
problem of sampling. The illustrative material has been brought up to 
date where feasible, and new illustrations have been added where neces- 
sary, It was found advisable in a number of instances to retain illustra- 
tions from the period before 1930 for the reason that they are believed 
to be more' representative of practical procedure for normal times than 
illustrations from later periods. In a number of instances, adapted 
charts from the first edition have been redrawn as of more recent dates. 

The arrangement has been reorganized somewhat with the objective 
of better bridging the gap that so often exists between statistical methods 
and practical business problems. The material is still organized into 
two major parts, but they are not separated by a definite break. In 
the first part of the book the emphasis is placed upon studying the 
statistical methods that the authors and their associates have found to 
be useful in analyzing business problems. Typical problems and cases 
are freely employed to illustrate these methods and their uses. Then, 
in the later part of the book, the approach is deliberately changed, and 
the emphasis is placed upon solving practical problems as they actually 
occur in business, using as tools whatever technical methods or combina- 
tion of methods may be necessary. That is, the study is centered upon 
the type of work that the statistician is called upon to do in actual prac- 
tice, such as business forecasting, budgeting, production control, time 
and motion study, marketing analysis, real ei^tate analysis, investment 
analysis, banking problems, and executive controL ^ 

For valuable assistance in revising material dealing with ’ highly 
technical and specialized fields, the authors wish to express their appreugr 
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tion to Theodore O. Yntema, Frank M. Weida, Wilford White, Woodlief 
Thomas, Albert H. Mowbray, Ada Lillian Bush, Jesse M. Cutts, G. I. 
Butterbaugh, and Walter G. Keim. Other valuable assistance for which 
the authors are very grateful was furnished by Arthur B. Fridinger, 
Elsther K. Thompson, C. Howard Hunt, and Thomas B. Lewis. 

Comments and suggestions from teachers, students, practicing 
statisticians, and others will be welcomed by the authors. 


WASmNGTON, D. C. 

Bevuiilt Hills, Cauf. 
October, 1038. 


John R. Rigglbman. 

;> 

Iba N. Fbisbbe. 



PREFACE TO THE FIRST EDITION 


This book has been written in the hope that it may encourage and 
assist in a more general use of statistical methods in business. It is 
intended primarily for use as a textbook in university and college courses 
in business statistics, especially in those which emphasize the actual 
application of statistics to business problems. It is the aim throughout 
tlie book to introduce the subject to future business men and women in 
such a way that they will appreciate the usefulness of statistical methods 
and employ them in their practical problems when they have entered 
upon their business careers. The book is designed to be of service also to 
practical business men who are interested in applying statistical methods 
to their problems. 

If the objective of a course in business statistics is to train future 
business men to use statistics in making better analyses of their problems 
than they could without them, it is necessary to decide whether the course 
should be given from the point of view of the business man or from the 
point of view of the statistician. Since but few students in introductory 
courses in business statistics expect to become professional statisticians, 
it is thought best to emphasize the point of view of the business man who 
is to use the results of statistical work, rather than the point of view of the 
statistician. This approach should make a practical appeal to those who 
expect to go into business, without losing the interest of those who expect 
to become professional statisticians. Throughout the present text, the 
emphasis has been placed upon the point of view of the business man. 

Experience in dealing with those who have had university courses 
in business or economic statistics has led the authors to believe that, in 
elementary courses, greater emphasis should be placed upon the practical 
usefulness of statistics. A knowledge of technical statistical methods 
is not sufficient in solving business problems. Solutions to these problems 
cannot be worked out with the mathematical exactness and precision of 
technical methods. Instead, the methods must be chosen with care, 
and they must be applied as aids in analyzing and solving problems 
rather than as complete solutions in themselves. 

It is necessary, however, to begin the study from the point^of viefw of 
technique in order to provide the working tools that ar^ nectary in^ 
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statistical analyses. The first part of the course should include the 
technical methods used in the collection of data, tabulation, graphic 
presentation, frequency and other distributions, averages, index numbers^ 
dispersion, correlation, and time series analysis with special emphasis on 
basic trends, seasonal variation, business cycles, and erratic movements. 
But in the last half or third of the course, the authors believe that the 
point of view should be changed to one in which the object is to consider 
business problems in which statistical methods are used. In this latter 
part, problems of business forecasting, budgeting, production control, 
marketing analysis, real estate analysis, investment analysis, banking 
statistics, management reports, and executive control systems may be 
considered. Thus, according to this plan, in the early part of the course 
the emphasis should be placed upon the necessary technical methods, 
using business problems as illustrations; in the second part of the course, 
the point of view should be directly changed and the emphasis placed 
upon solving practical problems, using the statistical methods as tools 
when necessary. 

The foregoing plan has been carefully followed in developing the 
present textbook. The book is divided into two major parts. Part I is 
an introduction to statistical methods which the authors and their asso- 
ciat/cs have found to be practical in analyzing business problems. Part II 
introduces the student to a number of specialized fields of practical 
application. 

The object of the specialized chapters in Part II is not so much to 
teach the student the details of the various surveys and analyses as it is 
to indicate the general scope of the procedure in different kinds of investi- 
gations. It is impossible in the space that can be given in a general 
textbook to teach any great amount of technique in connection with 
the various specialized fields; in fact yery highly specialized statistical 
procedure is found in some of these fields. 

Part II contains much material that is not strictly statistical. This 
has been included deliberately, however, for the purpose of providing 
the necessary background. Although the chapters in Part II are some- 
what interrelated, it is feasible to rearrange them if the instructor so 
desires. In courses where there is not sufficient time to cover the 
entire second part, it may be desirable to . permit the individual 
student to select the chapters in which he is most interested. The fact 
should not be overlooked, however, that as a rule the business executive 
finds it important to know something of the possibilities of statistical 
investigation and analysis in all the fields included in the scope of the 
I^esent work. 

9or tte particular purpose previously discussed, this book represents 
together from many sources sufficient material to pro- 
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vide a practical foundation for a course in business statistics. The 
authors are greatly indebted to statistical textbooks and other publica- 
tions of previous writers, and they have quoted freely from many 
sources. 

In making their acknowledgments the authors should first express 
their indebtedness to M. C. Rorty, who read the entire manuscript, made 
many valuable suggestions, and furnished an introduction to the volume. 

In connection with the planning and the early part of the preparation 
of the book, ^the authors wish to express their appreciation of suggestions 
made in the writings and statements of Leonard P. Ayres, and to acknowl- 
edge the influence of the teachings and writings of John M. Gries and 
Edmund E. Day. 

Deep appreciation should also be expressed to George J. FJberle, who 
furnished many of the ideas used in the book, and to Floyd F. Burtchett 
and John C. Clendenin, who contributed several chapters to the pre- 
liminary mimeographed edition. Special appreciation should also be 
expressed for the great amount of work contributed by Lewis A. Maverick, 
Bradford B. Smith, and William F. French, who read the entire manu- 
script and made many valuable suggestions. 

In a book that deals with so many rapidly developing and highly 
specialized fields, it is obvious that the only way to check the material 
and bring it up to date in accordance with the most approved ideas is 
to obtain help from the experts in these specialized fields. For valuable 
assistance in this connection, the authors are indebted to Ray B. Wester- 
field, Joseph H. Barber, Frederick C. Mills, L. M. Gilbreth, Irving 
Fisher, Frank M. Surface, A. L. Bush, John W. Riegel, Royal Meeker, 
John H. Cover, Frederick M. Babcock, Garfield V. Cox, Joseph L. 
Snider, Rufus S. Tucker, John M. Rae, C. Melvin McCuen, and Horace 
Secrist. 

Other valuable suggestions and assistance in preparing and checking 
the manuscript and drawings for which the authors are very grateful were 
furnished by Paul Dodd, Robinson Newcomb, Arthur B. Fridinger, 
Gretchen Wells, Lloyd Rogers, and Anne S. Boyd. 

The authors also wish to express appreciation to the publishers 
of books and magazines who have so liberally granted permission to use 
material from their publications. The authors are particularly indebted 
for permission to use material from ‘‘Management’s Handbook.” 

Although the authors have endeavored to give full credit for all quota- 
tions, data, or ideas, it is impossible to acknowledge adequately at this 
point all the assistance that has been received. In many instance, 
further acknowledgments are made in the footnotes. It has been neces- 
sary to conceal the identity of the sources of some of the iUi^tr^tiohs 
because of the confidential nature of the data presented. . 



X 


PREFACE TO THE FIRST EDITION 


While any merit that the present book may have may be due largely 
to the efforts and assistance contributed by contemporary statisticians 
and investigators, the authors alone are responsible for any errors or mis- 
statements that may appear. Corrections or criticisms will be welcomed 
by the authors, and any suggestions regarding topics that should be 
omitted or added will be especially appreciated. 


Washington, D. C. 

Beverly Hills, Calif. 
Jantuiry, 1932 . 


John R. Riggleman. 
Ira N. FriSbee. . 
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BUSINESS STATISTICS 

CHAPTER I 

STATISTICS IN BUSINESS 

As competition increa ses and as business becomes more comple x, it ' 
becomes increasingly important that the business man be equip ped to 
analyze his proble ms with greater skill and accur acy. The ability to 
make skillful analyses of the problems in business can be developed by 
training; and it is for the purpose of contributing to this training that our 
university schools of commerce and business administration commonly 
require courses in business statistics. Although these courses in business 
statistics are relatively new, the value of special training in analysis has 
long been evidenced in the field of business. For instance, many of the 
most successful business men have been trained as lawyers or engineers. 
The training which they had in making careful analyses of specific 
problems, after gathering as many definite facts as possible, is commonly 
manifested in the thoroughness with which they analyze business prob- 
lems later on. If business is to become a profession, careful analysis of 
definite facts must supersede much of the guess-work, which is now so 
common. 

In the past, some business men have been successful because of 
superior energy, some because of sheer luck, and some because of the 
really careful analyses to which they subjected their problems. With t he 
increasing c ompetition, however, it will become relatively more e^ ential 
that decisio ns shall be based upon accurate analyses of definit e facts, 
rather thag up on snap judgments and loose opinions. _T he primary 
purpose of statistical analysis in business is to make possible the use of 
definite facts where they apply and when they can be determined, and to 
permit personal or group judgment to be used when intangible factors 
must be balanced. All statistical analysis in business must aim at the 
control of action. The possible conclusions are: 

1. Certain action must be taken. 

2. No action is required. 

3. Certain tendencies must be watched. 

4. The analysis is not significant and either (a) certain further faets 
are required, or (6) there are no indications that further facts should be 
obtained. 
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/ In order to make the necessary investigations, to analyze the material 
/gathered, and to draw sound conclusions, it is necessary that one have 
some knowledge of statistical methods and some experience in statistical 
analysis. It is the purpose of this book to describe the more important 
statistical methods and to show their practical application in 
business. 

Application of Statistics in Business. — Much of the waste in busi- 
( n^ is due to l ack of informa tion. A nd when the information is avail- 
able, waste often occurs becaiiae of lack of application or because of 
misapplic ation. 

Sometimes the problem is principally one of securing the information, 
and the application may be relatively simple. For instance, a certain 
chain-store manager determines what a location is worth by the following 
method: From previous statistical surveys, he knows that, in his partic- 
ular business, of the women passing his stores, 14 per cent will enter, 6 per 
cent will buy, and the average purchase will be 60 cents. He also knows 
that he can afford to pay 5 per cent of his annual sales for rent. He then 
counts the pedestrians passing a prospective location and, knowing the 
number of shopping days, determines the probable annual volume of 
sales. Five per cent of this figure is the amount that he can afford to pay 
for the location in yearly rentals. Of course, not all locatioh problems 
can be solved as easily as this one, but the principle of the systematic 
approach and development is common to all. 

In other instances, the problem may be principally one of application 
of information that is already available. Much of the work in business 
statistics might be called “the application of common sense.” Yet 
business men often tend to be slaves to customs and fetishes, and they 
will cling to erroneous ideas because the crowd believes them to be true, 
when a careful consideration of a few simple and easily available figures 
would save them thousands of dollars. It does not seem reasonable that 
anyone would buy a house for investment, in a period of inflation, for 
$7,000 and rent it for $50 per month if it costs about $90 per month 
to cover interest, taxes, special assessments, depreciation, maintenance, 
insurance, vacancies, and management. Yet this was a common 
occurrence in certain localities during the boom years of the 1920’s, and 
the buyer learned through costly experience what he could have deter- 
mined at practically no expense by considering facts instead of loose 
opinions and fanciful ideas. 

The application of statistics in a number of business fields will be 
discussed in some detail in the closing chapters of this book, but certain 
of the fields wiU now be considered briefly in order to introduce further 
the ^ract\cal uses of. statistics before taking up the study of technical 
methods. 
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Forecasting Business Conditions. — ^Bankers, manufacturers, mer- 
chants, and other business men must constantly consider future business 
prospects. In other words, they must forecast business conditions when 
they have to answer such questions as these: Should production be 
increased? Should inventories be accumulated? Should a loan be 
paid or renewed? Is it safe to extend more credit? Should building 
construction be delayed? Should wages be raised? Is the market 
sound? Is the investment safe? Are sales quotas fair? Should 
new lines of merchandise be added? Even where specific forecasting 
is not possible, a proper statistical analysis will indicate the plans that 
should be made in anticipation of booms and depressions. 

Business executives must formulate their policies in accordance with 
the conditions that they expect to encounter later. If they err in 
judgment, they often sustain losses, and sometimes these losses prove 
disastrous to the busings. When considering future policies, thie 
business man should make a careful analysis of internal conditions (those 
within his business and over which he has control), as well as a thorough 
analysis of external conditions (those outside his business and over which 
he ordinarily has no control). External statistics usually are gathered 
and analyzed by trade associations, trade papers, economic services, 
government departments, and other agencies, and, unless the information 
is too highly specialized, sufficient information regarding external 
conditions may usually be obtained from these sources. The better the 
understanding which the executive has of both internal and external 
statistics, the better he can apply them in determining the outlook in 
his business. 

The practical value of statistical work as a basis for determining 
business policies has been proved by the experiences of some of our more 
progressive business concerns. The American Telephone and Telegraph 
Company definitely plans its business on the basis of its statistical 
analyses. The Dennison Manufacturing Company, by being careful 
not to overexpand during periods of prosperity, is able to enjoy good 
business during periods of depression. The American Radiator and 
Standard Sanitary Corporation deliberately takes advantage of the busi- 
ness cycle, laying in inventories and expanding during slumps, and 
liquidating during the high prices of a period of prosperity. The 
Walworth Company bases its policies upon its statistical studies of 
conditions, and decides when to accelerate or retard buying, selling, 
manufacturing, and other operations on the basis of its own specisd 
statistical analyses. The uses of statistics by many other concerns will 
be discussed from time to time throughout the remainder of this boo^. 

Not only are individual concerns making greater and greater use of 
statistics in determining their policies regarding the future, but cooper^ 
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tive effort in both the collection and application of statistical data is 
increasing rapidly in importance. 

Statistics in Manufacturing. — ‘‘Why are our costs higher than those 
of our competitor?'^ “ Is our efficiency lower in general, or have we some 



Exhibit 1. — Statistical records used by the Western Electric Company in the control of 

production and costs. 


special disadvantage which may be corrected?” It is obvious that 
analiyses based upon actual records of production and operation will be 
of utmost value in definitely determining the answers to such questions 
(^xhibit 1). 

Statistics' of labor conditions in a factory may include records of 
production by each laborer and by each group of laborers. These 





STATISTICS IN BUSINESS 


5 


records are compared with standards which have been established from 
time studies or past records. In eliminating waste, records may be kept 
of the materials used by each workman, and if, for instance, a cutter in a 
clothing factory wastes more than the average amount of cloth, the 
difficulty is easily detected. Often a high labor turnover indicates where 
other unsound conditions exist. 

In order to indicate the efficiency of machine performance, records 
are kept of the production by each machine and of the number of hours 
operated. The relative condition is then determined by comparing the 
figures \flth established standards. 

Where many operations are performed, or where many parts are 
made which will be assembled together later, as in an automobile plant, 
it is necessary to maintain a properly balanced production schedule. 
Records are kept which show currently the quantities of manufactured 
parts on hand, and this makes it possible to prevent shortages of some 
parts and overproduction of others. If production is properly balanced, 
the accumulations are reduced to a minimum. 

Statistics in Marketing. — In building up a market, it is necessary first 
to find out what can be sold and then to work out the means of effectively 
placing the goods on the market. A skillful analysis of data on popula- 
tion, purchasing power, customs of people, competition, transportation 
costs, etc., should precede any attempt to establish a new market. 
Often such analyses will present difficulties which must be properly met 
before going to the exi)ense of actually attempting to place the goods on 
the market, and often they will indicjatc markets where they were not 
thought to exist. For instance, a Los Angeles manufacturer believed 
that freight costs to foreign countries were prohibitive, especially to the 
more distant parts of the world. A statistical survey, however, showed 
that freight costs to such distant points as Buenos Aires, Argentina, and 
Sydney, Australia, were considerably less than to the principal cities in 
the neighboring states of Arizona and Utah. 

In retail stores, in wholesale houses, and in the sales departments of 
manufacturing concerns, statistical records and analyses enable one to 
determine in advance, at a small cost, much that would be very costly if 
determined by actual experience. 

In building up and maintaining any extensive market, it is important 
to keep accurate records on its present and potential geographic distribu- 
tion (see Exhibit 2). Analyses of sales in relation to the distribution of 
population and purchasing power are especially important in establish^ 
ing sales territories, routing salesmen, and in order to know where to 
advertise and where to push sales. 

Statistical analyses are valuable not only in studying the msurket Ubt 
especially in rating salesmen. A salesman may be compared wit.b other 
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salesmen or with a standard. A salesman's current record may be com- 
pared with his previous records. Or a salesman's successes in selling 
different lines may be compared. In any of these comparisons, the weak 
points will be discovered, and such difficulties usually can be corrected 
when once it is known what they are and where they exist. 



Exhibit 2. — Distribution map of the International Harvester Company with card-index 
system. {Courtesy, Rand MeNatty & Company,) 


Statistics in Banking. — Banks have found it increasingly necessary to 
establish research departments within their organizations for the purpose 
of gathering and analyzing information, not only regarding their own 
operations, but on general economic conditions and on every line of 
business in which they might be directly or indirectly interested. Proba- 
bly the bank, more than any other individual business, feels the direct 
effects the conditions in every other type of business and needs to be 
ephdt^tly informed as to the trends in every line of activity. Its 
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reserves are influenced by money markets which are not local, but which 
are national or even international; its funds are influenced, not only by 
the business conditions in the immediate vicinity, but also by the con- 
ditions of business in areas far distant. 

In making loans, banks have to be particularly careful that they 
do not lend too much money when business is dangerously inflated. In 
almost every period of hard times, many banks have failed because they 
did not correctly analyze the general business situation or the condition 
in indiv^^ual concerns which had overexpanded. 

The Federal Reserve System and the development of systematized 
influences over the credit and money markets of the entire country have 
not only made it desirable for individual banks to know something of the 
])robable money conditions in the other banks in the immediate vicinity, 
but? have made it necessary for them to consider the money situations in 
the other parts of the country. Also, the small bank compares its state- 
ments (or ‘‘position”) with the statements of the large banks; the weak 
bank compares its credit and reserve position with that of the strong 
banks. 

In all the foregoing problems, the bankers use the objective analysis 
furnished by statistics and then temper their decisions on the basis of 
qualitative information to the end that their conclusions are increasingly 
accurate. 

Statistics in Investment. — Sk illful analyses aid invest ors in selecting 
securities w hich are safe and which have the best prospects of yi elding 
a good i ncome or increasing in pric e. S uch investigations assist in 
determining whe ther to buv. tn nr to do neit her. On the basis 
of these statistical guides, investors purchase securities when they are 
low, hold them for a few years until they are high, and then sell them and 
hold the proceeds until they can again buy at low figures. In this way, 
without any marginal purchases, but by buying outright high-grade, 
dividend-paying securities, investors have built up substantial fortunes 
with relatively little risk. 

The invest ment banker is one of the greatest users of statis tics. In 
his work he must accurately distinguish between good and bad securities. 
To do so, he must not only have a clear understanding of the present 
situation of the money and security markets and a definite knowledge of 
the actual conditions in the different industries, but he must also have a 
fairly clear concept ion of what will be the most probable fii ture-flonditions 
in variou s industr ies. He must be able to detect in a concern's financial 
and other statements anything unusual or indicative of weakness in the 
securities of the company. The .underwriting of a large boi^d issife 
requires information in great detail on the particular business. involved^ 
the immediate community, and on the businesses of similar nature in 
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Other communities. The foregoing uses are of direct value to the 
investment banker in managing his operations. In addition to these, the 
various reports required by Federal and state governments necessitate 
ohe careful handling and expert application of statistical data. 

Many other illustrations of the value of statistics in the investment 
field will be presented and analyzed in later chapters. 

Value of Statistics Depends upon Practical Usableness.— The practical 
objective in business statistics is to provide various kinds of information 
which can be used as aids in making more accurate and mor^ definite 
decisions than can be made without them. If this is to be possible, 
statistical work must be of the type that is appreciated and understood 
by the executives who are to use it. When one is doing statistical work 
for another, it must not be so involved, nor so mysterious, that the user 
cannot reason out, in a general way, how the results are obtained and 
what they mean. The approach has too often been from a technical 
point of view, with littW regard for how the results can be used by the busi- 
ness man and with little consideration for his training and his problems. 
This often results in analyses so general, technical, or strange that only 
a few business men can apply them in their actual operations. Business 
men, as a rule, reason out the relative causes and effects in connection 
with the various factors considered in planning their operating policies, 
and are not prone to accept statistical conclusions if they do not readily 
appreciate their relation to their own businesses. The value of business 
statistics, therefore, depends upon their practical usableness, and it is 
the aim in this book to emphasize practical application, using technical 
methods merely as tools with which to increase the significance of 
statistical data. 

Direct Value of Technical Statistical Methods in Business. — There 
are times when refined statistical methods are extremely valuable tools 
in analyzing business problems. For instance, it is often very much 
worth while to use these naethods when trying to determine the relation 
between such factors as supply and demand, cost and price, interest rates 
and security prices, or wages and production efficiency. It is a most 
important point, however, that the user of statistical methods know 
when refined methods are practical tools and when they are not. This 
makes it necessary for him to know definitely both the uses and the 
limitations of data and of technique. Statistical methods are not magic 
mechanical devices which will take the place of judgment and experience. 

There is a common tendency for practical business men and others 
to feel that the statistician should be able to make better forecasts, 
for instance, from bis statistical analyses alone than a business man can 
xbaktf without them or at least better forecasts than most well-informed 
business men can make without thexn. This is expecting too much from. 
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etatistics. The true test of practical usefulness of technical methods is 
that, when properly applied in connection with other information, they 
make possible the improvement of our forecasts/'^ 

Whether or not refined statistical methods should be used depends 
upon the practical value of the results. Often it is easier to interpret 
the meaning of a series by collecting a few simple supplementary facts 
than it is to apply refined methods. But when the statistician does this, 
it must be because he knows that under the circumstances it is the most 
practical plan; and it must not be because he does not know the real value 
of technical methods. 

Indirect Value of Technical Methods. — ^Aside from the direct value 
of mathematical methods as working tools in analyzing business problems, 
there is another value which is perhaps even more important; this refers 
to ^the attitude of mind developed by the training in rigorous thinking 
and disciplined imagination which accompanies mathematical study. 
A knowledge of matheniatical methods teaches one ‘Ho distinguish 
between the particular and the general, to refrain from induction without 
adequate foundation, to test all operations by independent checks, and 
to approach a problem by more than one route. The practicing statisr 
tician, who is a trained mathematician, uses formal mathematical proc- 
esses rather infrequently; but his mind is constantly guided by a 
mathematical sense which provides a general safeguard against unwise 
analysis and faulty reasoning.^’^ 

Simple Statistical Methods Usually Adequate. — While the business 
statistician should have at hand the proper statistical methods to use 
as tools in working out his problems, most of his work will require 
only the more simple technical equipment. Probably the most important 
requirements are to know what data are significant and where they 
can be found, and to know when data are adequate and accurate enough 
for the purpose at hand. Problems which are no more complicated than 
the following are representative of the bulk of statistical work: A large 
department store in a middle-western city pf about 750,000 population 
engaged a new merchandise manager. He was told that normally sales 
declined about 30 per cent during July and August of every year because 
of people leaving the city. Upon analyzing the travel situation, he found 
that less than 12 per cent of the people left the city during the summer 
and that a large number of visitors came to the city during this period. 
It did not seem that a department store’s general trade should fall off 


^ See Holbrook Working, Practical Applications of Correlation Studies of Piibes,'’ 
Journal of Farm Economies, April 1926., . . . • . 

* Crum, W. L., American Economic Review, Vol. XVII, No. 3, p. ,|i&(le^«Septedlber 
i»27. 
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so much under such conditions. A study of the geographical distribution 
of deliveries was made, and it was found that, except in July and August, 
three-fourths of the store's sales were made in the one-fifth of the delivery 
area which included principally families of high incomes, many of whom 
left the city during the summer. This was followed by an analysis of 
the store's advertising, which showed that the quality appeal had been 
so strongly emphasized that the great mass of people had become so 
impressed that this was a high-priced store that they patronized it but 
little. Steps were then taken to correct this impression and develop 
trade among those of moderate purchasing power. ^ ' 

Though most practical statistical work in business is no more compli- 
cated ordnvolved than that in the preceding illustration, it should again 
be emphasized that even in such cases a knowledge of statistical methods 
is of great value in the safeguard that it provides against inaccurate 
analysis and faulty reasoning. And, of course, it is very important that 
the statistician have the proper tools at hand (in the form of technical 
methods) when it is necessary to use them. Even in the simple problem 
discussed in the preceding paragraph, the concepts of seasonal changes 
and long-time growth tendencies, as considered from a technical point of 
view in later discussions of these subjects, are very valuable and almost 
required in making skillful analyses, though the actual computations may 
not be made. 

Technique Studied through Practical Problems. — In this book 
the approach to the study of technical methods is made through the 
consideration of practical problems. A knowledge of statistical methods 
involves a study of collecting data, tabulation, graphic presentation, 
statistical distributions, averages, dispersion, index numbers, sampling, 
correlation, basic trend, seasonal variation, and cyclical movements. * 
After developing this background of technique, the methods will be 
used simply as tools, and the emphasis will be placed upon the practical 
application of statistics in answering such questions as: How can we 
increase efficiency in production? Where is the market for our products 
and how extensive is it? Are our investments secure? What is the 
general business outlook? 

^Fredericks, J. G., and F. M. Feieer, System^ p. 115, August 1912. Reprinted 
in M. T. Copeland, “Business Statistics,^' p. 207, Harvard University Press, 
Cambridge, 1921. 

* Some of these methods involve mathematics, but only an elementary knowledge 
of algebra is presumed in discussing these methods in the body of this text. Any 
technical discussions, which involve higher mathematics, are presented only in the 
footnotes for the use of those who wish to study the subject from a mathematical 
point of view. 
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Questions and Problems 

The purpose of the following introductory questions is to illustrate the necessity 
for careful analysis of statements which appear to be statistical in nature.^ 

1 . Criticize the following statement: ‘‘Automobile accident figures for a large 
mid-western city show that in 1937 there were 320 different automobile deaths, only 
80 of which were due to women drivers. This shows that women are more careful 
and safer drivers than men.” 

2. An advocate of the horse-and-buggy method of transportation argues that it is 
much safer than modern methods of travel. To prove his stand he quotes govern- 
ment figures which show that in a single year over 10,000 persons were killed in auto- 
mobile accidents, 700 by train or street car, and 750 perished in boat or vessel, while 
only 157 were killed by horse and buggy. Do these figures prove his contention? 
Give reasons for your answer. 

3. Two men, equally skilled as players and in the choosing of other men, are to 
act as captains of two baseball teams. Each is to choose 8 men from a group of 16 
men who vary gradually in skill from the best to the poorest. They agree that the 
basis of selection should be such as to make the teams as equally matched as possible. 
One captain says that the fairest w-ay is to toss a coin for the first choice and then 
choose alternate men thereafter; and the other captain says that this would not give 
e(|ually balanced teams. Which is right and why? 

4. The chances of throwing a six in one throw of a die (singular of dice) are one 
in six. You have already thrown two sixes in succession. What is the chance of 
throwing a six in the next throw? Give reasons for your answer. 

5. In countries which have lotteries there is a common opinion that if one buys 
the same number for all of the different drawings he will have a better chance to win 
than if he buys a different number each time. (Numbered tickets are sold and at a 
certain time sales close and the winning numbers are drawn. Then new tickets are 
sold and the process repeated. Tickets are good only for the drawing for which they 
are sold.) Suppose that drawings are made every month and that Mr. X has bought 
the same number for 10 consecutive months. Suppose that 100,000 numbers were 
sold for each drawing. What were Mr. X's chances to win the highest prize in the 
tenth lottery? 

6. A western booster organization, in discussing a certain city, states that the 
mortality rate shows this city to be the most healthful city in the United States with a 
record of 9.78 per thousand. Are mortality rates a good index of health conditions? 
Why? 

7. “The value of building permits in a certain city for 1908 was slightly under 
$10,000,000. In 1923 this figure was slightly over $200,000,000. Construction of 
building space in this city, therefore, increased over twenty times during this 15-year 
period.” Point out an important error in this comparison. 

8. A large paper company advertised as follows in a national magazine: “Do 
you know that checks are used in over 95 per cent of our business transactions? Do 
you know that last year the total bank clearings — ^practically all checks — amounted 
to over $455,034,000,000, or ninety-five times the amount of money in circulation?” 
What is wrong with this comparison? 


^ It is the aim of the questions and problems presented at the ends of the chapters 
in this text to provide material both for oral class discussion and written laboratory 
work — ^the particular material to be used to be selected by the instructor. • , 
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9. The following advertisement (name of car changed) appeared in a leading 
weekly publication: ^^Only in a car built throughout from standard specialized units — 
as the Apex Light Six is built — can value be definitely analyzed and proved by direct 
comparison. The average price of automobiles with the Continental lied Seal motor, 
for example, is 91,878. The Apex Light Six, with a 50-horsepower Continental Red 
Seal motor of the latest type, costa but $985. The average price of Timken-axled 
cars is' $9,453, yet the Apex Light Six has Timken axles, both front and rear.” 

Comparative Values 
Average Price of Cars with 

Continental Red Seal motor $1 ,878 

Timken axles 2 , 453 

Durston transmission 1 , 495 

Auto-lite electrical equipment 1 ,674 

Spicer universal join ts 2 , 388 

Gemmcr steering gear 2 , 507 

Analyze the above advertisement from a statistical point of view. 

10. Determine which of the following tables are statistical and which are non- 
statistical, and explain how the tables that are non-statistical at present might be 
made statistical. 


A Data 

City Price 

Boston $5.65 

New York 6.12 

Philadelphia 5.61 

Cincinnati 5.25 

Chicago 5.95 

St. Louis 5.40 


Apex Light Six 
has all of these at 
$985 


B 


Production of Crude Oil in the United States (bt States) 

Production in thoua- 


SUue 

Texas 

California 

Kansas 

Louisiana . . . . 

Michigan 

New Mexico. 

Oklahoma 

Pennsylvania 

Wyoming 

All others 

Total 


sands of barrels 
.. 44,366 

. . 20,365 

6,388 
7,629 
1,316 
3,463 
. . 20,618 
1,581 
1,603 
.. 3,582 

.. 110,911 
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C Relative Prices of the Pound Sterling and the French Franc 

(Expressed in dollars) 


Date 

Pound sterling 

French franc 

March 20, 1938 

5.02 

.03300 

March 27, 1937 

4.88 

.04593 

AprO 17, 1937 

4.92 

.04464 

April 10, 1937 

4.90 

.04556 

April 3, 1937 

4.89 

.04600 

i^pril 18, 1936 

4.94 

.06592 

April 20, 1935 

4.85 

.06593 


D Analysis of Residential Structures in Clarkville 


Typo of structure 

; Number 
completed 

Number under 
construction 

Apartment house 

18 

7 

Flat 

63 

8 

Duplex 

110 

19 

Single residence 

978 

21 



E Volume of and Revenue Derived from Sales of Natural Gas in the 

United States 
1937 


Month 

Sales in 
millions of 
cubic feet 

Revenue in 
thousands 
of dollars 

January 

129,312 

134,025 

126,633 

124.723 
104,242 

94,494 

91,777 

94,201 

94,959 

102,651 

110.724 
129,341 

47,847 

48,995 

45,234 

42,667 

34,159 

28,733 

26,440 

26,329 

26,738 

31,012 

36,911 

46,673 

February 

March 

April 

May 

June 1 

July ! 

August 

September 

October 

November 

December 

Total j 

1,337,082 

441 ,738 



Source; Survey of Current Bueineea . 



CHAPTER II 


COLLECTION OF DATA— PRIMARY SOURCES 

The statistician of a certain manufacturing company received the 
following interdepartmental letter from the vice president in charge of 
manufacturing: 

At the last meeting of the Executive Committee, the question was raised as to 
whether or not our wage rates are out of line with the wage rates in competing 
and similar lines of manufacture. You are requested to collect all information 
which you think will be necessary to answer this question as it applies to our 
several factories, and forward a report to me by the next regular meeting of the 
Executive Conimittee on November 17. 

How should the statistician proceed to collect such information? 
Where should he begin the investigation, and just what steps are 
involved? 

First, the problem must be defined, and the proper approach must be 
determined. Then a plan must be prepared, the statistical units must 
be defined, and it must be determined that the characteristics of the 
items upon which data are to be collected arc alike — that is, that they are 
homogeneous.'' Furthermore, the available sources of data must be 
determined and checked as to their accuracy, and the use of samples must 
be considered. These Meps are all preliminary to the actml assembling oj 
data. Each will be considered in the paragraphs that follow. 

In short, a statistical investigation may be said to involve the follow- 
ing broad steps: 

Definition of thejproblem. 

Organization and planning. 

Collection of the data (including both primary field work and use of secondary 
sources). 

Tabulation and computation (preparation of working tables). 

Presentation (including textual presentation, final tables, and charts or graphs). 

Analysis and interpretation. 

Preparation of report. 

Obviously, there is some overlapping in the above items. A certain 
amount of analysis work, for instance, is carried on throughout the 
au^ey. 

In geheral, the discussion of statistical methods in this book follows 
the order indicated by the above list. The present chapter covers the 
< 14 
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collection of primary data, and the four following chapters cover the col- 
lection of secondary data, tabulation, and graphic methods, respectively. 

Definition of the Problem. — In making statistical analyses in business, 
it is very import ant to define the particular problem to be analyzed as 
clearly as poss ible before beginni ng the investigation. This is nece^ary 
in order that the in vestigator can determine what e lements are to be 
incited in the surve.\^and so that he can guard against the omi^ ion of 
factors which mi ght be necessary in reaching a soluti on. It is als o 
important to exclude th e unnecessary factors when their inclusion would 
cause J waste of time and mon ey. 

Often the problem is presented to the statistician in rather general 
terms and he must take the responsibility for working out with the 
executives a more clear-cut definition before taking any further steps 
t<jward its solution. A problem which is apparently easy to state is not 
always clear. Suppose, for instance, that in connection with studying a 
market, an executive asks for a figure representing the population of New 
York City on January 1 of a certain year. Just what is the population of 
New York City? Does it include only those who live in New York City? 
Does it include those who work there and have their homes in the 
suburbs? What about tourists and travelers who are in the city on 
January 1? Should immigrants who are temporarily in the city be 
included? What about non-resident college students? What about 
those whose homes are there, but who are spending the winter in Florida 
or California? These are a few of the questions that would have to be 
answered in qualifying and clarifying the problem.^ 

The Approach to the Problem. — While a statistical problem should be 
defined as accurately as possible, it is usually impossible in business to 
work out an ideal definition in advance. Mo st statistical proble ms in 
business are somewhat confused and must be approached step by step 
without insisting that the solution be evident from the be ginning. 
In such cases, it is always possi ble to select o ne or jin»re fact^ or whole 
series of data, which must obviously be assembled befo re any answer is 
po ssible . When these facts have been gathered together and analyzed, 
they will probably suggest the need for further facts. And, sooner or 
later, if this process is repeated, the direct road to a solution will present 
itself. 

^ The United States Census includes as the population of a city only its permanent 
residents or those whose actual homes are not elsewhere. Those whose actual homes 
are in New York, for instance, but who are in other parts of the country when the 
census is taken, are counted as of New York. When the transients or temporary 
residents in a city constitute a large number as compared with the permanent residents, 
it often happens, obviously, that the Federal Census population data alone are 'not 
adequate in making various kinds of market analyses, as they may repreeedt only a 
part of the market. 
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Having defined his problem as carefully as possible, the statistician is 
ready to plan the investigation. 

Planning the Investigation. — Before making an original investigation, 
the available existing information should be brought together in as much 
detail as is practical, covering as many as possible of the known questions. 
In many inst ances, it is advisable to carry on the jnvftatifrflt.inn in such a 
way that the m ore important questions connected with the prob lpm can be 
sorted out and answered first. Often a few of the outstanding facts will 
show that it is not advisable to consider the proposition further, and a 
con3iderable amount of money can be saved by not completing the ’survey. 

As some surveys progress, the original problems may change to 
entirely different ones as a result of the answers or partial answers 
obtained to some of the major questions. For instance, a certain com- 
pany, which planned to build an office building, started an investigation 
for the purpose of determining the most popular sizes of rooms and the 
most practical rentals. The high percentages of vacancies in competing 
office buildings, discovered early in the investigation, caused the purpose 
of the survey to be changed to that of forecasting how long the company 
should wait before considering construction at all. Of course, the survey 
could have been completed in accordance with the original purpose, but 
the results would not have been practical. It is highly important in 
business surveys that the statistician control his investigation so that it 
will be of the greatest value in relation to its cost. 

Some types of investigations cannot be subjected to variations while 
in progress. For example, if it is desired to determine the effect on street 
traffic congestion of moving vans carrying household goods on a moving 
day, and it is known in a certain city that September 1 is the day on 
which families customarily move from one house to another, then the 
entire enumeration must be made on that day, and the complete plan 
must be carefully worked out in advance, as there would not be time to 
make changes while the survey is in progress, and any variations might 
change the representativeness of the data. 

Statistical Units. — ^Before beginning the actual collection of the data, 
the statistical unit or units must be clearly defined, and these definitions 
must be carefully observed throughout the investigation. Funda- 
mentally, the statistical approach is based on a count. If the definitions 
of the units are vague or inexact, the inclusion of things which should be 
omitted, and the omission of things which should be included, may not 
only cause confusion but may result in non-representative data. It is 
obvious that the units should remain the same throughout an investiga- 
tion, and this requires a simple, fixed, and clear definition. 

To .the inexperienced, the definition of a^unit appears to be a very 
simple matter, but the problem is not so easy as it seems. In taking a 
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population census, the unit is one person. This is an easily defined 
natural unit, and there is not much difficulty in determining what is and 
what is not a person.^ But suppose that we are making a survey of the 
supply of dwellings in a city and that we are counting the single family 
houses. Just what is a single family house? Obviously, there would be 
no difficulty in classifying most houses, but what is a house with but one 
entrance which is occupied by two families? What is a rooming house? 
What is an abandoned house? What is one under construction? What 
are living quarters over a garage? What are living quarters over or in 
the ba(?k of a store? What is a tent in which people are li\ing? What 
is a garage which is being used temporarily as a dwelling? What is an 
auto camp cabin? What is an automobile house trailer in which people 
are living temporarily? These are some of the questions which must be 
t%ken into consideration when defining the unit. 

A unit itself may be difficult to define, but the problem of definition 
is often made much more difficult by atta(;hing qualifications to the unit. 
For instance, if we are counting the vacant lots in a city, it is difficult 
enough to define the term ^Mot,'' but when we are considering only those 
that arc vacant we must provide also for such questions as: What is a 
lot occupied by a temporary structun^? What is an aut o i)ark? What is 
a temporary storage yard? What is a city block which is not subdivided? 
What is an abandoned stone quarry? 

Usually it is not difficult to defim? the units of measurement which 
are in common use, such as the foot, pound, bushel, hour, dollar, and 
pound sterling. The actual use of these units, however, requires con- 
siderable care in order to prevent confusion. For example, the familiar 
unit ‘Hon^^ is widely used, but in statistics of ocean shipping the following 
must be carefully distinguished: short ton (2,000 pounds); long ton 
(2,240 pounds); metric ton (2,204.6 pounds); displacement tonnage 
(weight of water displaced by floating vessel); gross tonnage (cubic 
feet of total vessel capacity divided by 100); net tonnage (cubic feet of 
vessel capacity available for cargo divided by 100) ; deadweight tonnage 
(maximum weight of cargo, passengers, and crew); measurement ton 
(40 cubic feet). In making original investigations or in compiling 
secondary data, such variations in the usages of terms must be carefully 
observed. 

Pecuniary units (dollar, pound, lira, franc, yen, peso, etc.), which 
are used for measuring values, vary from country to country and from 
time to time, and these variations must be carefully considered in any 
analysis of international values. In certain other kinds of investigations, 

' It should be noted that the difficulties previously mentioned on p. 15 in con- 
nection with a population census apply to the definition of the term '^population.’’ 
They do not refer to the definition of a “person,” which is the unit. 
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it is necessary to use compound units, such as ton-mile, foot-pound, or 
kilowatt-hour. 

Hotnogeneity or Uniformity. — ^Accurate deductions cannot be made 
from data which are lacking in homogeneity or uniformity. In other 
words, it is imperative that the characteristics of the elements under 
investigation be essentially alike in relation to the investigation, except 
in the differences that are being measured. For example, suppose that 
we are comparing building activity in two cities on the basis of building 
permits, and that one city includes street paving and subway construction 
while the other does not. Such data would be lacking in homogeneity. 
Or, suppose that a comparison is being made of the average wages in two 
department stores which are essentially alike, except that in one a much 
larger proportion of the employees are women than in the other. For 
the purposes of many investigations such data would be lacking in 
homogeneity. 

Whenever an average is taken, the question of homogeneity must 
be considered. No average should be taken from cases which, for the 
purposes of the particular investigation, are lacking in homogeneity. 

Homogeneity is especially important in studying business growth, 
price changes, and all other variations which take place over a period of 
time. Changes in conditions often make it very difficult to make valid 
comparispns of present data with those of previous periods. For instance, 
the use of bank clearings as an index of a city^s business conditions is 
often hampered because of the lack of homogeneity due to the establishing 
of new banks and the consolidation of old ones.^ 

Adequacy or Representativeness. — ^The question of adequacy or 
representativeness is very important in business statistics because it is 
so often necessary to make investigations and to draw conclusions based 
on sampling. When the data are only partial they may not be repre- 
sentative, and care must be taken to see that they are adequate for the 
purpose at hand. 

The requirement of adequacy or representativeness makes it necessary 
to have, not only a sufficiently large sample, but also one which is as 
free from bias as possible. This may be illustrated by a study which was 
made for the purpose of determining the proportion of vacancies in 


^ A bank frequently cashes, for its customers, checks which are drawn on other 
banks. Every day each bank sends all of these checks to a central clearing” place 
or directly to the banks upon which the checks have been drawn, and receives the 
hhecks drawn upon itself. Only the balances are settled in cash or its equivalent. 
These checks which are exchanged are the “clearings.” When new banks are estab- 
lished, the volume of clearings will be increased even though there may be no increase 
in the total amount of business done in that community. The opposite is true when 
bfmk consolidations occur. 
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apartment houses at a time when apartment house owners, as a rule, were 
trying to discourage the building of additional apartment houses. It waa 
found, in this instance, that a larger proportion of those whose apartment 
houses had high proportions vacant answered the questionnaire, because 
they felt it was to their interest to have this information brought to the 
attention of prospective builders in order to discourage them. Those 
whose houses were filled were not interested in the competitive situation 
so seriously, and relatively as many did not return questionnaires. 

Accuracy. — The question of accuracy must be considered In all 
statistical investigations. When all the items can be counted, it is often 
possible to attain perfect accuracy, but, if the task is a large one, a count 
may not be worth the time and money that it would cost. Approximate 
accuracy may be sufficient. Counts can be perfectly accurate, but 
measurements are never perfectly accurate. In measuring, absolute 
precision is unattainable. The necessary degree of accuracy in counting' 
or in measuring depends upon the practical value of the accuracy in 
relation to its cost. 

Errors are due to various types of causes. Clerical errors or errors 
in computation can usually be eliminated by careful checking. Other 
errors result because of the conditions under which the investigation is 
made. Errors may be compensating or cumulative. Compensating 
errors tend to offset one another and leave the general result undisturbed, 
while cumulative errors tend to pile up with the result that the final 
data are not representative of the true values. In taking a federal 
population census, for instance, an enumerator may count some people 
twice who have moved from one place to another during the two-weeks 
census-taking period. He may also miss some people who move from a 
part of the city where the census has not yet been taken to a part where 
it has already been taken. At this point the errors are probably compen- 
sating. However, in checking the data, it is easier to eliminate the 
duplications than it is to add the omissions and, if the duplications are 
eliminated without adding the omissions, the final result is affected by 
a cumulative error. Referring again to the question of accuracy, it 
would be possible to shorten the census period and eliminate such an error 
as the one just mentioned, but it would not be practical to increase the 
cost so greatly for the purpose of correcting such a relatively small error. 

Frequently it is possible to approach a problem from two distinct 
angles in such a manner that the bias, if any, is in opposite directions. In 
such cases, the main statistical operation may often be checked to advan- 
tage by means of moderate samples taken from the second angle of 
approach. 

Reasonableness.*-~Conclusions in business statistics do not rest 
entirely on cold figures. Exterior tests of reasonableness, often of a 
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nonnstatistical character, must be applied. Frequently the conclusions 
that are arrived at are not the only possible conclusions, and too often 
they are not the most accurate conclusions that can be drawn from the 
given data. Careful exercise of judgment, based upon a wide experience 
in keeping in mind the reasonableness or probability of the conclusions, 
as a thing apart from the data, is of utmost importance in business 
statistics. 

Primary and Secondary Data. — Data which are gathered originally 
durin| an investigation are known as 'primary data, whereas those which 
are used in an investigation, but which have been gathered originally by 
someone else, are known as secondary dqia. For instance, data gathered 
by the United States Bureau of the Census arc primary data for the 
bureau but are secondary data when used by others. When one is 
using figures which he has actually secured by field enumeration, he is 
said to be using primary data, and when he is using figures which he has 
secured from someone else, he is using secondary data. Secondary data 
are removed one or more steps from the original enumeration. 

In the same manner, a distinction is often made between primary 
and secondary sources of statistical data. The original compiler of the 
data is the primary source, but one who furnishes data that were originally 
compiled by someone else is a secondary source. Thus, the Bureau of 
the Census is the primary source of the decennial population census 
figures. And when these figures are published in the Statesman's Year- 
book, this publication is said to be a secondary source of these population 
data. 

Some statistical problems require only primary data, while some 
require only secondary data, but most require both kinds of data, and all 
require a knowledge of collection and use of both kinds of data. In 
order to use secondary data intelligently, it is necessary to understand 
the difficulties encountered in securing primaiy data. This is so impor- 
tant that the collection of primary data will be discussed in considerable 
detail before considering the collection of secondary data. 

Collection of Primary Data. — ^Before beginning the actual collection 
of primary data, it is necessary to outline the procedure for solving the 
problem completely as possible. In practical statistical work, one of 
the most important limitations upon the scope of an investigation is the 
It may be necessary to confine the survey within narrow limits 
owing to the fact that only a certain amount of money is available for the 
particular problem. Of course, no investigation shoidd be carried beyond 
th^ poiht.where the additional refinements are no longer necessary. 

Complete canvasses are so expensive that it is often impractical or 
Impossible to make^them in business statistics. In such instances, it is 
micessaiy to .bse the. process of sampling, in which the anal ysis of a 
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part is taken as a basis from which t o draw conclusio ns regarding the 
whi^. * ~ * 

Sampling. — The manufacturer or trader who wishes to test out the 
market for a certain product can not interview all the potential buyers 
because of the cost involved. However, by securing the reactions of a 
representative sample, he will have an indication of how the product 
will be received by the market as a whole. 

The basis of the sampling process is that a mo der^ dy large nun^ier 
jif items chosen at r andom from a very, large number oJJImu diould.hjas{e 
the chdfac teristics of th e larger jjrou'p . This does not imply that a perfect 
resemblance between t he sample and the whole is necess ary, but it is 
essential that t he sample indicate the characteristics of the whole to a 
high degr ee. T he importance of this statement will be better appreciated 
if, careful consideration is given to certain fundamental principles of 
sampling. 

Principles upon Which Sampling Is Based. — Al though the princi ples 
of samplin g are sometimes referred to as the ^^laws of sampling/* they 
are not la ws in the strict sense of the term, but arc, rather^ principl es and 
tendencies which appear to operate universal ly. 

The 'pri ndple of statistical reg ularity may be briefly stated as: If a 
reasonab ly l^gc sample is selected without bias from a mass of phe- 
nomena, t he characteristics of this sample will differ but little from 
those of the entire universe^ It follows that this principle is the very 
basis of sa mpling, for after having studied a portion of the phenom ena 
bearing upo n a fsxven problem, it is possible by reliance upon this princ iple 
to depict fa irly accurately the characteristics of the entire group. , It 
is also clear that this principle makes possible a material reduction of the 
work necessary before accurate conclusions may be made concerning 
any large group of quantitative data. Thus, if one were desirous of 
studying the changes in the earnings of factory workers in the United 
States, it would not be necessary to include all factory workers, nor 
^the workers in all factories. If the earnings records of 25 per cent 
of the workers in 25 per cent of the factories were studied, almost as good 
a view of the changes in the earnings of factory workers could be obtained 
as if all factory workers were included in the analysis. Such samples, 
however, must be prop)erly chosen so that bias will be avoided, and so 
that there will be a fair distribution by areas and classes of factories. . 

The yrin dyle of large numbers is based upon the same reas oning as 
the princi pfe"of statistical regularity . A short statement of this principle 
is: Whenev er an event may happen in only one of two wavs andl he event 
is observed to happen under the same essential conditions a larg e number 
of times, the ra tio p of the number of times that it happens in one way to 
the total ourobe r of trials appears to app^oac^ l «■ Hfi^nite Umit. letiu s sav 
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P, as the num ber of trials increases indefinitel y. Thus, in a bank with a 
large number of branches, the proportion of the number of customers 
having accounts with balances below $100 may vary greatly from week 
to week among the different branches, some branches having a smaller 
number than the preceding week, other branches having a larger number. 
For the bank as a whole, however, the relative number of accounts less 
than $100 may not change greatly from one week to the next. To use 
another common example, the fire losses in any city or group of cities 
selected at random may be considerably larger per month this year than 
last. It may be that other cities with large fire losses will be found, but, 
even though the number of cities with large losses increases in the year’s 
count and is not entirely offset by decreases, the relative variation in all 
cities will decrease as more cases are considered, and therefore it may be 
stated that the total fire losses in all cities fluctuates much less than the fire 
losses in an individual city or in a small group of cities. 

A relat ed principle is the pr inciple of small numbers, sometime s called 
*‘the princi ple of persistence ol sm «»i In brief, it may be 

stated as follows; If, in a group of ^antitative phenomena selected 
without bias, a small proportion of the group deviates sbarn lv from the 
characteristics of the remainder of the group, this tendency will persist 
no matter ho w large the group may be made, and irrespecti ve of the 
number of s amples selected . Thus, if one were to tabulate the length 
of service of employees of several concerns which had been operating for, 
say, forty years, one would be almost certain to find a small number of 
employees who had been in the service of the concerns for a considerable 
number of years, say twenty-five. From the principle of persistence of 
small numbers it would follow that other concerns which had been in 
operation an equally long time would probably exhibit nearly the same 
small proportion of employees with long service records. Again, if an 
analysis of the balances of savings accounts in a large number of branch 
banks is made, even though the branches are located in quite different 
sections of the community, it may be found that each branch will have a 
sniall number of savings accounts in which the balances are more than 
$10,000. Similar experiences will be found in the study of other business 
data, such as the amoimt of sales in a small department of a store, pur- 
chases of imported automobiles, and sizes of incomes. This law is the 
law of the distribution of events which happen rarely.^ 

An additional co rollary of the principle of statistical regularity i s the 
prirusiple of decreasina variation , whic h is as follows: As a larger and lar ger 
proportion of a group, of phenonema is selected by the cumulat ion of 

e. ^ 

^ For explanations of the mathematical basis the reader is referred to discussions 
of Poisson' exponential function which characterizes this law. 
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successive unbiased samples, the characteristics of ftnlar gAH sample 
(namely the ave rage, the deviation, the skewness, etc.) will tend to diff er 
less and less from the characteristics of the preceding (smaller) sampl e 
and from the characteristics of the group as a whole . Intelligent applicsr 
tion of this principle makes it possible to determine the size of the sample 
(in proportion to the whole of the data) which must be taken in order that 
the characteristics of the sample may, within prescribed limits of accu- 
racy, be attributed to the whole group. Thus, if one should study 
samples representing increasing proportions of the checks presented at a 
bank f(fic payment from day to day, one could approximate with increasing 
accuracy the distinguishing characteristics of all checks. 

Selecting the Sample. — It is obvious that the sample must be repre- 
sentative, to a practical degree, for the problem at hand. In a strictly 
random selection, any item has as good a chance of being included as any 
other. If this is not the situation, a special effort will have to be made to 
select the sample in such a way that allowances can be made for any bias. 
Strictly ra ndom sam'pling is not commonly possible in business statist ics. 
The mos t common form of sampling may be called dirp.^tpA since 

a distinct e ffort is made, by applying some system of control ove r the 
selection of data: (1) to increase the certainty of a proportional reoresen ta- 
tion from the various related types and groups of elements in so far as 
those types or groups are known to exist or to have a bearing upon the 
problem at hand; and (2) to exclude (to save time, energy, and expen se) 
those types or gr oups which are known to have no bearing upo n the 
problem at hand. 

To illustrate the above two types of sampling, let us suppose that one 
draws the prices of 50 commodities from a group of 1,000 prices which had 
been marked on small cardboard disks and mixed well. Such a selection 
might be said to be random in so far as the 1,000 prices were concerned. 
An index number computed from such a sample would not be nearly so 
likely to be reliable as a measure of the changes in the cost of living, 
however, as would a sample of prices that included the 50 most important 
articles in the budget of the average family which would be directed 
sampling. 

Sometimes the chances of selecting fair samples are increased by 
dividing up the whole into classes and taking samples of each class. The 
relative importance of each class is known or is determined and the final 
result is weighted accordingly. Thus, in a sample for the purpose of 
determining the percentages of residences vacant, the degree of accuracy 
is greatly improved by recording the conditions separately by single^ 
family houses, double houses, fiats, apartments, etc., and then weighting 
the final figure for the situation as a whole in accordance with the propor- 
tions of these different types of dwelUngs. Within each cl^, of course, 
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some method of obtaining a random selection or its equivalent must be 
used. In this particular instance, the sample of single houses might be 
taken on a basis of regular intervals determined by drawing lines a mile 
apart north and south, and east and west, and then covering the streets 
nearest these lines. Again, suppose that we are estimating the total 
volume of unemployment on the basis of questionnaires addressed to cer- 
tain employers. It adds greatly to the accuracy of the result to take 
separate samples for retail stores, factories, etc., and then make separate 
estimates of the total numbers unemployed and the percentages of 
unemployed in each group before combining the figures for gran(f totals. 
This principle is of almost universal application in sampling operations. 

The degree of variation permissible between the sample and the whole 
cannot be stated arbitrarily since this depends upon the use that is to be 
made of the sample. There are various checks that may be made of the 
accuracy and adequacy of a sample. The more mathematical tests 
will be discussed in Chapter XI, but some other types of checks will be 
suggested in the section which follows. These tests alone are not com- 
plete and are not to be substituted for judgment and experience in 
selecting samples and interpreting the results of the sampling process. 

Checking the Adequacy of the Sample. — The necessary size of the 
sample, or the necessary proportion represented by the sample, varies 
with different problems. In some instances, a sample which includes 
only a small percentage of the whole will indicate its characteristics to an 
extent which will be valuable. Such would be the case in determining 
whether or not a certain Cuban confection would have a market in the 
United States. If the confection were placed in a few representative 
stores in a few communities, it is probable that this test would be almost 
as satisfactory as one involving several thousand stores throughout the 
nation. In other instances, the sample must be relatively large in order 
to be significant. For example, if the adoption of a pension plan were 
under consideration by a large company, and the directors desired to know 
how many years it would be on the average before all employees reached 
the retirement age, it would not be adequate to consider the ages of only 
a few employees in a few departments. 

The illustrations just cited indicate two practical rules or principles 
ifi determining the size of the sample: namely, (1) that the required 
number in a sample increases as the variation in the individual items 
increases, and (2) that the required number also increases as the required 
accuracy of the results increases. Thus, in testing the marketability of a 
product for which there apparently would be but relatively little varia- 
tioh in tastes within the nation selected, the required number of cases 
for the. test would be relatively small. But in a large company with 
employees of many and widely varying ages, it would not be adequate 



COLLECTION OF DATA^PRIMARY SOURCES 


25 


to consider the ages of relatively few employees when considering a 
pension plan. Also, in the latter illustration, a high degree of accuracy 
would probably be required because the adoption of the plan would be 
final, whereas in testing the marketability of a product, the decisions as a 
result of the sample might not involve sudden or widespread changes. 

What has been called a '^stability test'' of sampling may be used as a 
rough check upon the adequacy of any sample. This test consists of: 
(1) division of the original sample into two equal samples by means of 
random sampling; or (2) selection from the original data of a new unbiased 
sample^equal in vsize to the sample already taken. The next step consists 
of noting whether or not the characteristics of the divided sample (as 
shown by the two smaller samples), or of the newly selected sample, differ 
materially from the characteristics of the original sample. Thus, if we 
study the changes in the number of persons employed in factories by 
means of a sample containing, let us suppose, 25 per cent of all factories, 
then the adequacy of the sample could be roughly checked (1) by dividing 
the total sample into two groups and comparing the data of the two 
smaller groups with the results shown by the larger, or entire sample, 
or (2) by taking a second sample and comparing the results obtained from 
the two equally large samples. If a second sample is taken, it is not 
theoretically necessary to exclude from it all items which were included in 
the first sampler However, it should be unbiased.^ 

When a sample is considered to be inadequate, the problem of increas- 
ing the size of the sample arises. But the accuracy of the sample does 
not increase directly in proportion to the size; it increases as the square root 
of the size of the sample increases. Therefore, to double the accuracy, 
we must quadruple the size of the sample, and to treble the accuracy we 
must increase the number of items to nine times the former number. To 
illustrate, if there are 100 items in a sample and it is desired to double the 
accuracy of the sample, the square root of the size of the sample, 10, will 
be obtained. This will then be multiplied by 2, resulting in a product of 
20, which will be squared, indicating that 400 items are required for a 
sample twice as accurate as 100 items. Similarly, for a sample three 
times as accurate as 100 items, the square root of 100 (10) will be multi- 
plied by 3, and the result (30) will be squared, giving 900 as the number 
of items needed for a sample three times as accurate as 100 items. 

Further explanation of the statistical technique and theory involved 
in sampling will be given in later chapters, especially in Chapter XI. 


' Sometimes it is desirable to divide the samples into more than two equal parts. 
If the sample is divided into, say, four equal parts, and the differences between *the 
averages of the four groups are within the required limits of accuracy, then the average 
of the totals should be satisfactory. 
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Fonns for Recording Original Data : Schedules and Questionnaires. — 

When statistical counts are made, or when other statistical data are 
gathered, the information is originally recorded on certain forms which 
are especially designed for the purpose. These forms are principally of 
two types: 

1. The schedule. (Ordinarily filled out by a trained enumerator who 
gathers the information directly or questions the informant.) 

2. The questionnaire. (Ordinarily filled out by the informant.) 
Other original records are sometimes made (such as field notes and 

diagrams, and those made by means of mechanical dials, and instrument 


OCCUPANCY SURVEY 

STREET (ONE SIDE) FROM NO. ZlO O TO NO 2I4£ 

CARD FILLED OUT BY cZT. 2?. SlTUt/ l DISTRICT OR TRACT NO. i6£ 


TYPES OF BUILDINGS 

NUMBER 

OF UNITS 
OCCUPIED 

NUMBER 

OF UNITS 
VACANT 

NUMBER OF 
UNITS UNDER 

CONSTRUCTION 

NUMBER 

OF EXTRA 
FAMILIES 

SINGLE HOUSES 

a 


— 

2 

HORIZONTAL DOUBLE HOUSES 

6 

2 


1 

ROW HOUSES 

0 

0 

llllllllll^^ 

0 

VERTICAL TWO-FAMILY HOUSES 

0 

0 

0 

0 

fLats 

3 . 

1 

4 

1 

APARTMENTS 

10 

4 

12 

1 

LIVING QUARTERS OVER STORES 

0 

0 

0 

0 

STORES (NEIGHBORHOOD) 

. 0 

2 

I 


OFFICES (NEIGHBORHOOD) 

0 

0 

0 




Exhibit 3 A . — A simple schedule used by held enumerators. ^Courtesy, United StaJtea 
Department of Commerce and National Conference on Construction.) 

tapes and graphs), and combinations of the two above mentioned major 
types are often used, but such variations will be understood without diffi- 
culty if the principles underlying the two main types are understood. 
Each of these two major types will now be discussed in some detail. 

Schedules for Field Enumerators. — As used in this text, the term 
“schedule” refers to a blank form which is used by a field or other 
enumerator to facilitate the recording of data. An example of a schedule 
is Shown by Exhibit 3A. The schedule for a field enumerator should 
be drawn up in such a way that it will be convenient for use in both the 
field and the compiling office. 
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RESIDENTIAL OCCUPANCY SURVEY 

INSTRUCTIONS TO ENUMERATORS 

card for each side of every block. (Do not use the same card for two 

sides of a street.) 

2. Record in the space provided at the top of the card the name of the street, and 
the numbers of the first and last houses in the block. Record a corner house according 
to the street on which it faces or according to the street on which the main entrance is 
located. (The house number or street address will ordinarily indicate the main entrance.) 

3. Be sure to record the number of the district or census tract on each card in 
accordance with the map furnished for this purpose. 

4. All counts are to be made on the basis of units. A “unit" is defined as the 
quarters occupied by, or intended to bo occupied by, one family. It is one family 
capaci^ or one family accommodation. Thus, a single house contains one unit, a 
doubl^ouse two units, etc. 

5. In recording the data, give careful consideration to the different types of build- 
ings. The different types of buildings may bo defined according to typical character- 
istics as follows: 

Single house. The typical characteristics of a single house are: ‘tingle, free-standing 
building for occupancy by one family. 

Horizontal double house. The typical characteristics of a horizontal double house 
are: two family units standing side by side; each family occupies its half from 
cellar to roof, and in many cities the two halves are owned separately. 

Row house. The typical row house is one of several units built together in a row 
with individual outside entrances; each family occupies its unit from cellar to 
roof, and in many cities the units are owned separately. 

Vertical two-family house. The typical characteristics of a vertical two-family 
house are: two units with one over the other. 

Flats. The typical characteristics of a flat are: heat not furnished — no janitor 
service — frequently individual outside entrances — ordinarily three to six unit 
capacity and two stories, but sometimes a greater number of units and as many 
as three or even four stories. 

Apartment house. The typical characteristics of an apartment house are: heat 
furnished — janitor service — one or more joint entrances — usually has elevator 
service (but not always). 

Living quarters over stores. Residential quarters over stores (usually one story over 
a store) where the structure is principally a store building rather than an apart- 
ment house that has stores on the first floor. 

6. Include residential units not readily defined as above in the most nearly related 
classifications. 

7. Include rooming houses with the nearest related houses structurally. That is, 
if a rooming house is in a single house include it with single houses, and if it is in a 
double house include the unit in the double house classification, etc. (See notation at 
end of Item 8.) 

8. Extra families. Where a unit intendcnl to bo occupied by one family is shared 
with one or more extra families, temporarily or permanently, record the number of 
“extra" families. (Do not include rooming houses in the count of extra families.) 

9. A unit is to be counted as “occupied" if it is being used and is not available to 
another user. For example, a northern homo might be closed for the winter while the 
owner is in Florida, but if it is not available to another resident, it should be counted 
as “occupied." 

10. Empty space that is available or on the market should bo counted as “vacant." 
An apartment which is under lease to some one who is not living in it, but who is trying 
to sublet it, should be counted as vacant. Unoccupied buildings which are temporarily 
unfit for occupancy should be classified as “vacant." 

11. Units in a building should be considered as “under construction" any time 
between the beginning of the use of building materials and the time when the building 
is ready for occupancy. 

Exhibit 3R. — Instructions to enumerators. (To accompany the form in Exhibit 8A.) 
(^Adapted from recommendations of the United States Department of Commerce and the Natiowd 
Conference on Construction for making a standard occupancy survey.) 
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If the data are confidential, the schedule should be so marked. If the 
identity of the informant is indicated on the schedule, it is sometimes 
advisable to place this information on a stub bearing a duplicate number 
which can be removed upon the receipt of the schedule at the office. This 
is especially important when the data are not solicited with mandatory 
power. 

The schedule should be drawn up with a full appreciation of the type 
of informants to be interviewed by the enumerator. In an interview, it is 
often necessary to record the information step by step as a method of 
leading up to the more important items. The terms used on the schedule 
should be very carefully worded, and if there is any question of clarity 
they should be rigidly defined. If this is not done, there may be but little 
homogeneity in the final results. If only one investigator is collecting 
the information, it is likely that the data would conform to one standard 
even though the terms were not completely defined; but when a number 
of enumerators are collecting information, they should be relieved as much 
as possible of the necessity of making interpretations. 

Exhibit 3 A is designed so that one card is used for one side of the street 
for one block. The card was designed in part so that when regular post- 
men did the enumerating, they could follow their regular routes and then 
the cards could be sorted readily by census tracts. Obviously, if addi- 
tional details were to be recorded, the enumeration would have to be 
made by individual houses instead of being summarized by one side of a 
block. A schedule should always provide for making the original field 
record. It ordinarily never should be such that the use of scratch pads, 
etc, are required before making the original entry, especially if it is a 
count. Yet it should not be so detailed or so simplified that useless or 
unnecessary compilation work would be required. 

Space should be provided in many instances for coding and computa- 
tion in the office. Ordinarily, computation should be done in the office 
rather than in the field by the enumerator. As far as possible, the work 
in the field should be enumeration rather than computation.^ 

Instructions to Enumerators. — ^When data are collected by enumera- 
tors in the field, the enumerator gathers the information directly or 
questions the informant and records the information on the schedule. 
Consequently, he must thoroughly understand the items to be enumer- 
ated. He must also have adequate instructions regarding the time of 
enumeration, the territory to be covered, and any other special informa- 
tion needed in making the investigation. 

If the schedule is a complicated one, the enumerator should be given 
considerable training and practice before he enters the field. In any 


^ JFurther examples of schedule forms are presented in Appendix I (pp. 636-638). 
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case, the instructions should be printed or typed in detail so that all 
enumerators will decide questions in the field as nearly alike as possible. 
Exhibit 3B presents the set of enumerators^ instructions that accompany 
the schedule shown in Exhibit 3 A. 

Checking the Enumerator. — In making statistical surveys, it is usually 
necessary to provide for some kind of a check on the work of the enumera- 
tor. This is ordinarily done by field supervision, by having more than 
one enumerator gather the same data, by recording the data in such a 


(LETTERHEAD) 

July 1, 1938. 

Mr. John Smith, Manager, 

John Smith Apartments, 

New York, N. Y. 

Dear Sir: 

Tn order that you and others may know the true apartment-house situation, 
we are requesting apartment-house owners to give us the information asked for 
in the question list below. You will receive the results of this survey through 
the Apartment Home Journal. Please fill out the answers to the questions and 
return them in the enclosed envelope (which requires no stamp) before July 4. 
Your answers, of course, will be held in strict confidence. 

Very truly yours. 

The Apartment House Jouiinal 

1. How many apartments are there in your apartment house? 

2. How many apartments were occupied on July 1, 1938? 

3. How many apartments wercj vacant on July 1, 1938? 

Name of apartment house 

Address of apartment house 

Name 

PLEASE RETURN YOUR ANSWERS BEFORE JULY 4. 


Exhibit 4. — Simple questionnaire and letter combined. (The letter from which this 
exhibit was adai)ted was multigraphed and filled in with a typewriter.) 

manner that it can be checked up later, by including data which serve 
as cross-checks, and by checking with previous reports and other sources. 

Field supervision, where the supervisor watches each enumerator for 
a time to see how the work is being done, is especially necessary when the 
enumeration is being made by inexperienced men. 

Questionnaires. — The questionnaire (Exhibit 4) is often used to take 
the place of the field enumerator and his schedule. The desired infornfa- 
tion is asked for directly on the questionnaire, and a space is provided for 
the answer. The questions may be simple or complicated, according to 
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the character of the investigation. However, the questions must be 
stated clearly because the informant must record the information without 
any assistance from the inquirer. 

The questions on the questionnaire should be worded in such a way 
that they can be answered easily by ‘'yes,^^ ‘‘no,'' or a definite number 
when possible. In distributing a questionnaire by mail, it is customary 
to enclose with it a letter and a self-addressed envelope. Formerly, the 
envelopes were ordinarily stamped, but now the postage can be paid by 
the addressee when the questionnaire is returned. Sometimes it is best 
to include a personal letter, while in other instances it is best vo use a 
form letter. When possible) it is well to indicate some advantage which 
will make it worth while for the informant to fill out and return the 
questionnaire.^ 

Requisites of a Good Schedule or Questionnaire. — As far as possible, 
schedules and questionnaires should be made to meet the following 
requirements: 

1. There should be as few questions as possible. 

2. Each question should be simple and easy to understand. It should not be 
ambiguous. 

3. Each question should cover exactly the information desired, i.e., it should be 
sufficiently inclusive but unnecessary information should not be requested. 

4. As far as possible, the questions should be such that they can be answered !)y 
“yes” or “no” or simple numbers. 

6. The questions should be such that they will be answered without bias. 

6. The questions should not be unnecessarily inquisitorial or arouse antagonism 
in any way. 

7. The printing, typing, paper, letterhead, etc., should be appropriate. 

If the questions on a questionnaire are few in number and easy to 
understand, and if they can be easily answered by “yes," “no," or a 
simple number, a much larger proportion will be returned than there 
would be if the questions were ambiguous or if the answers requested 
were difficult or complicated. Likewise, enumerators working with 
schedules will find that the same principles apply. Unnecessary ques- 
tions should not be included, as such a procedure makes it more difficult 
for the informant to give the information and increases the expense of 
compilation. 

The requirement of simplicity must be considered in relation to 
the particular type of informant. Questionnaires, for instance, 
which might be appropriate for lawyers, might be so complicated 
for laborers that none would be returned. It is extremely important 
to see that the terms used are clear and that they are not subject to 


* Further examples of questionnaires are presented in Appendix I, pp. 639-646. 



COLLECTION OF DATA--PRIMARY SOURCES 


3V 


double interpretation. For example, in a certain automobile and truck 
traffic survey, the questionnaire included the following items: ‘‘Registra- 
tion fee paid,’' and “City or town.” It was desired that the informant 
enter after the first item the amount (in dollars and cents) of the registra- 
tion fee that he had paid, and after the second item the city or town in 
which he lived. However, a considerable number of the returned ques- 
tionnaires had the entry “yes” after the first item and “city” after the 
second item. 

It is also very important that the questions on questionnaires and 
questions asked by enumerators be worded and explained in such a 
way that the answers will not be biased. In the traffic survey referred 
to above, considerable difficulty was experienced in connection with 
obtaining representative data on overloading trucks owing to the fear 
that the information might be used as evidence of a violation of the law. 

When information of a private or personal nature is being requested, 
care should be taken to ask the questions in such a way that they will 
not appear to be unnecessarily inquisitorial, and the point should be 
emphasized that the answers will be held strictly confidential. Other- 
wise, the informant may resent being questioned and refuse to give the 
information. 

The form of a schedule and especially of a questionnaire should be 
appropriate for the purpose at hand. Sometimes high quality, engraved 
stationery and printed forms should be used, while in other instances 
mimeographed letters and forms are appropriate. Often return postal 
cards can be used for simple questionnaires. The arrangement on the 
page should be such that it will be practical from the points of view of 
both the informant and the compilers in the office. 

The business statistician observes the above requisites in order that 
his questionnaires may achieve their primary jmrpose, which, simply i 
stated, is “to get the necessary information.” One of the most important/ 
safeguards in preparing questionnaires is to requires all concerned in thol 
investigation to prepare blank tables which will indicate what data arcT 
finally wanted. Frequently, it is desirable to fill in dummy data where 
one has a rough idea of what the investigation will show. Then the 
questionnaire must be prepared in such a way that there will be no ques- 
tion but that all of the desired information will be requested. 

As a preliminary check upon the clarity of classifications and terms, 
it is well to have several persons in the office, including those who helped 
with the preparation of the questionnaire or schedule, try out the form 
in the field and then compare results. In a certain survey of automobile 
retail and service facilities, for instance, a schedule supplemented by a 
questionnaire was used and both required the classification of establish- 
ments as “retail garage,” “maintenance garage/’ “service station,*’ 
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“filling station/' “storage warehouse/' “parking garage," and “parking 
lot." Six men, including three who had taken an active part in preparing 
the wording, tested the schedule by filling out the form for a section of a 
certain street. The results varied so greatly that a new set of instructions 
and definitions was prepared. This method can be used, not only as a 
preliminary check on clarity, but also as a check to see whether enumera- 
tors are well instructed and prepared to carry on the field work. 

Methods of checking the data on a questionnaire and of taking the 
data from it should also be worked out and tested before the blank forms 
are finally printed. When a Survey involves a wide distribution of a 
questionnaire, it is advisable to try it out on a small proportion of the 
mailing list before going to the expense of sending it to the entire list. 
Such trials often indicate important weaknesses that were not thought 
to exist, and the correction of these greatly improves the accuracy and 
completeness of the data when the entire list is used. 

Care of Returns. — As schedules or questionnaires are received at 
the central office, they should be carefully and systematically filed in 
preparation for the next step in the work. In a large survey, this 
provision is particularly important in order to prevent confusion and loss. 

Before describing the next step in handling field schedules and ques- 
tionnaires (i.e., compiling the data from them), it is desirable to discuss 
the collection of data from secondary sources which is the subject of the 
next chapter. 


Questions and Problems 

1. What are the important steps that should be considered in planning a statistical 
survey? 

2. What is meant by ‘‘defining the problem?” Illustrate by defining in detail 
such problems as: 

a. A magazine survey to determine duplication of magazine subscriptions. 

h, A house-vacancy survey. 

c. A survey of dealers in a certain branded article to determine their interest 
in the product. 

8. What precautions should be taken in collecting data as regards statistical 
units, homogeneity, and representativeness? 

4. What are compensating errors? Cumulative errors? Why must they be 
considered in the collection of data? 

5. Are analyses of business statistics based solely on figures or do other elements 
enter into such analyses? 

6. Distinguish between primary and secondary data; primary and secondary 
sources. 

7. What is meant by “sampling”? 

8 . Explain the principle that “a moderately large number of items chosen at 
random from a very large number of items should have the characteristics of the 
larger group.” 

. . 9. -Explain the following: the principle of statistical regularity; the principle of 
large numbers; the principle of small numbers; the principle of decreasing variation. 
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10 . Compare random and directed sampling. Which is most often used? 

11 . How may one check the adequacy of a sample? 

12 . State and explain the requisites of a schedule. How is a schedule used? 

13 . State and explain the requisites of a good quostionnaire. 

14 . (Planning, schedule making, and collection of primary data.) Assume that 
the class represents the statistical department of a large furniture store. The director 
of the statistical department receives the following request from the sales manager: “In 
connection with analyzing the market for furniture in our vicinity, we wish to know 
what the proportions of vacancies are in residential buildings by classes. Will you 
kindly make a field investigation (on the basis of a representative sample), which will 
give us ^reasonably accurate idea of the proportions vacant in apartments, single- 
family houses, and other classes of residences? Your report should be in my hands 
not later than two weeks from today.” 

You then receive the following instructions from the director of the survey; “You 
have seen the letter from the sah^s manager requesting information on residential 
vacancies. Kindly prepare a detailed plan for the field work, including a schedule 
and a set of instructions for enumerators (similar to Exhibits 3A and SB on pages 26 
and 27), for the purpose of obtaining information on the proportions of family capaci- 
ties vacant, occupied, and under construction, by the different classes— apartments, 
single houses, etc. After the schedule is approved, you will collect the desired field 
information from a sample district which will be assigned by the director of the survey. 
After the schedules have been filled out, assemble them and see that they are ready 
for editing.” (This problem will be continued in Question 22 on page 74.)^ 

16 . (Planning, schedule making, and collection of primary data.) Assuming that 
the class is the statistical department of the Iloyal Drug Company, the director of the 
department has received a letter from the president asking him which of several 
near-by corners has the heaviest traffic. The information is to be used in locating 
another store. The director of the department will have the traffic checked on certain 
days or at certain periods to determine the number of persons passing the various cor- 
ners classified as to pedestrians and automobile traffic, as to men and women, and as 
to sides of the intersecting streets. 

According to the above requirements prepare a detailed plan for the field work, 
including a schedule and a set of instructions for enumerators, for the purpose of 
obtaining the desired information. After the schedules have been approved, collect the 
desired information at the time and place assigned by the director of the survey. 
When the schedules have been returned to the office, see that they are assembled in 
preparation for editing. (This problem will be continued under Question 23 on page 
75.)i 


^ It is the purpose of Problems 14 and 15 on this page and Problems 22 and 23 
on pp. 74 and 75 to provide actual practice in connection w’ith the following topics 
discussed in Chaps. II and IV in the text: Planning a survey; first-hand personal 
enumeration; schedules; questionnaires; sampling; editing returns on schedules; taking 
of data from schedules; tabulation; preparation of final tables; checking accuracy in 
tables; and explanation and interpretation of tables. 
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COLLECTION OF DATA— SECONDARY SOURCES 

Much of the work in business statistics involves the use of data which 
have already been collected. They must be compiled from other sources 
in such a way that they will be useful for the investigation in hand. In 
fact, many investigations are based entirely upon secondary data which 
are only indirectly related to the question under investigation, because 
the cost of gathering primary data makes the collection of figures directly 
related to the problem impossible. 

Schedules and Forms for Secondary Data. — In gathering secondary 
data, it is usually best to prepare a form or schedule similar to the 
schedule previously described for field enumerators. Such a schedule not 
only facilitates the recording of the data, but it also facilitates later 
compilation and tabulation. 

If the data are reasonably complete, this schedule may take the form 
of a blank table. These blank tables can be made in quantities at the 
central office by some duplicating process, or they can be drawn up 
individually in the field if only a few are needed. The use of coordinate 
paper facilitates the laying out of such forms and enables the enumerator 
to line up the data in such a way that it is easy to make computations 
directly from these records. (Tables are described in detail in Chapter 
IV, pages 63-71, inclusive.) 

Tendency to Show Favorable Facts. — In most efforts to make 
projects successful, there is a general tendency to disregard the facts that 
would be unfavorable. Business men on the whole, however, wish to 
know both sides of the question, but it is usually much more difficult 
to get adequate information on the unfavorable side of the question. 
Though the actual statistics used in pushing a project may be very accu- 
rate, it is the common practice to use only the favorable data, and to 
make comparisons only on the bases that are favorable to the project. 

As an illustration of the above difficulty, suppose that a New York 
manufacturer wishes to locate a branch at the leading Pacific Coast port. 
Suppose that he writes to Los Angeles, San Francisco, Seattle, and Port- 
land and inquires regarding the standing of each. He probably would 
fi^d that each one claims to be the greatest port. “When an attempt is 
made to answer this question, one immediately runs against the problem 
as to what bads should be taken for computation — ^whether the volume 

84 



COLLECTION OF DAT ASECOND ARY SOURCES 


35 


of the commerce or the value of the commerce should be considered. 
AlsO; should one consider only foreign commerce (as do some eastern 
ports) or should domestic commerce also be taken into consideration? 
If the latter, is it a question of actual ocean commerce, or should local 
movements by barge or river steamers likewise be included? Instead of 
figuring actual commerce, should one take shipping as a basis, and make 
one^s computations on the number of vessels entering into and departing 
from a port in a year, together with their net tonnage? As a matter of 
fact, each port has its own favorite way of figuring — depending upon 
which rifbthod gives it the best standing. 'I'hus, I^os Angeles figures 
it is the second port in America because more tonnage of ocean cargoes 
is handled through her harbor than through any other American port 
with the single exception of New York. San Francisco claims pre- 
eminence among Pacific ports by reason of the value of her commerce 
rather than on a basis of volume. Seattle's showing for first place is 
based on entrances and clearances of vessels through the custom house, 
because of the daily commerce with VaiKJOuver, Victoria, and other 
British Columbia ports. Portland makes a very high showing in exports 
to foreign countries because of the tremendous quantities of wheat and 
lumber exported.’’^ The situation just described is common in certain 
types of records of business data as it is natural to present ono\s case in 
the most favorable light. As a practical matter su(*h presentations need 
not be criticized, but the business man must be on guard to see that he has 
adequate information on both sides of a question before drawing con- 
clusions and making decisions. 

Bogus Statistics. — The enthusiastic use of statistics to prove one 
side of a case is not open to criticism providing the work is honestly and 
accurately done, and providing the conclusions are not broader than 
indicated by the data. This type of work must not be confused with the 
unfair and dishonest use of both accurate and inaccurate data, which 
too commonly occurs in business. Dishonest statistical work usually 
takes the form of: (1) deliberate misinterpretation of data; (2) intentional 
making of overestimates or underestimates; and (3) biasing results by 
using partial data, making biased surveys, or using wrong statistical 
methods. 

An illustration of unfair use of statistics is found in a report distrib- 
uted to the public in a certain city in 1928 by a concern whose prosperity 
depends upon a high degree of activity in real estate trading. In order 
to show that people should buy in 1928, the concern forecasted a peak year 
in construction activity in 1929. This was ‘'proved” by a chart which 
— — — — . • 

^Clarence H. Matson in Los Angeles Chamber of Commerce Bulletin 1Q4 
(abstracted in part). 
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showed that peak years in building permits were five and six years apart 
and that it would be six years from the 1923 peak to the 1929 peak. In 
this chart, the curve of actual values was drawn in very lightly, while 
every five or six years a heavy bar was drawn in to represent peak years, 
whether they were there or not. As a matter of fact, a scientific study 
of the cycles of building activity in this particular city indicates that they 
are ordinarily much longer than six years in length. 

The use of statistics is now being regulated to a certain extent and 
undoubtedly thi^ regulation will increase. The Federal Trade Commis- 
sion, the Securities and Exchange Commission, the Better' Business 
Bureau, and various trade and civic organizations have already done 
much to discourage dishonest use of statistics. 

Importance of Original Sources. — Ordinarily, in the use of secondary 
data one should select a source which is as near the original source as 
possible. In general, there is a tendency for reprints to be less reliable 
than the original tabulations, because of errors in transcription and the 
practice of abbreviating or summarizing the data and the explanations. 
The term original source” as here used refers to the first compilation 
and its revisions. (It does not follow, of course, that the first compilation 
should be used instead of the revisions.) 

It will be noted that the rule above is not stated arbitrarily. Some- 
times the secondary data are more reliable than the primary data. This 
is true when those who are responsible for a secondary compilation check 
and analyze the data so carefully that errors in the original tabulation 
are discovered and eliminated, or important qualifications are indicated. 

Important Sources of Secondary Data. — A number of the more 
important secondary sources of statistical information will be introduced 
at this point. ^ The most readily available and widely used data are 
those of the Federal and state governments, commercial and trade asso- 
ciations, trade papers and magazines, daily papers, private services, 
research bureaus, and yearbooks — ^whether published by government 
agencies or private organizations. 

For the purposes of this discussion, the sources of general business 
statistics will be divided into four principal groups — ^namely, (1) govern- 
ments, (2) commercial and trade associations, (3) trade papers and tech- 
nical periodicals, and (4) private organizations. However, the line of 
demarcation between these groups of sources is not always well defined, 
as each one uses data obtained from the others. 

Government Sources. — Federal, state, and city governments are 
important sources of statistical data which are issued currently. As a 
complete list of Federal and other government sources of statistics would 

^ For a more complete list, see Section II of Appendix IV to this book (pp. 693 to 
712) and Market Research Sources^ compiled by the United States Department of Com- 
merce, published by the Government Printing Office, Washington, 1938. 
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require several volumes, only those of greatest general interest can be 
included in this discussion. The Federal Government sources will first 
be considered. 

The Department of Commerce, Bureau of Foreign and Domestic 
Commerce, publishes the Survey of Current Business which is one of the 
most complete reports available on current statistics. This publication 
each month presents the principal statistical facts regarding the most 
important lines ot trade and industry. Detailed tables are published 
in special issues, giving for each item monthly figures for the past several 
years, ami yearly (jomparisons are given back to 1913 when possible. 
In addition to the monthly and special reports, supplements an? issued 
every week, which give such information as has been received during the 
previous week. The compilation consists largely of secondary data. 
The object is to bring together data which are scattered in hundreds of 
different publications and other sources, and to make tliem available to 
business men and others in a convenient form at a very low cost. 

Another important publication of the Bureau of Foreign and Domestic 
Commerce is Commerce Reports^ which is a weekly survey of foreign 
trade and gives various data regarding business conditions in foreign 
(;ountries. The Monthly Summary of Foreign Commerce is also an 
important sources of data on foreign commerce. Domestic Commerce 
contains much valuable statistical information on domestic marketing. 
The Bureau of the Census compiles various monthly reports, such as 
those on coal stocks, cotton consumption, and cotton ginned, in addition 
to the regular biennial, decennial, and other census reports. 

The Department of Agri(;ulture publishes each month Crops and Mar- 
kets. This is a compilation of the most recent data regarding current and 
prospective crop conditions. ' 

The Department of Labor publishes the Monthly Labor Review, which 
contains special information concerning labor conditions as well as data 
on prices and costs of living. 

The Board of Governors of the Federal Reserve System publishes each 
month the Federal Reserve Bulletin, which contains a variety of statistical 
information regarding financial conditions, production, stocks, shipments, 
and prices in different countries. 

The monthly letters of the twelve Federal Reserve banks show the finan- 
cial conditions of the banks in each section and present many other types 
of statistics which are of value in analyzing district business conditions. 

Many other publications, which contain statistics of interest to busi- 
ness men, are published by the Federal Governnient. Some of them are 
published at regular intervals, and others are single reports presentuig 
the results of special investigations. The Government Printing Office 
is the largest printing establishment in the world, and there are but few, 
if any, business investigations in which at least some of the government 
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publications would not be of value. Because of limited space, it is 
possible to mention only a few of the most widely used publications in 
this text. Lists of publications on given subjects may be obtained 
from the Government Printing Office or Federal departments concerned.^ 

The state governments publish various types of statistical reports. 
The annual reports of certain departments often contain statistical data 
that are valuable in particular cases, and much of the information pub- 
lished in these reports can be obtained currently. Not only do the 
various state departments publish data on their own activities, but 
many of them compile outside data. Instances of this are the data on 
weekly earnings and unemployment published by the Industrial Commis- 
sion of New York, building and employment data published by the 
Massachusetts Department of Labor, the mineral industry reports 
of the State of California, and the highway traffic statistics of the state 
highway commissions.^ 

City governments are also important sources of statistical information. 
While most of the data ordinarily have to be gathered for the purpose 
at hand directly from the city records, many cities publish certain types 
of statistics at regular intervals. One of the most important of these is 
monthly data on building permits. 

Commercial and Trade Association Reports. — The term 'Hrade asso- 
ciation,'' as here used, refers to the various organizations of business men 
and businesses which have been developed for the purposes of improving 
conditions in certain trades or lines. Many of these organizations have 
as one of their purposes the collection and dissemination of statistical 
information. Some of the important trade journals are closely connected 
with trade associations. Much of the information collected by trade 
associations is not published, although it would be of great value to 
business men generally in analyzing business conditions. 

Some of the more important associations which publish reports cur- 
rently are as shown in the table on page 39. This list is intended to be 
a representative one of national interest, although it does not include 
aU the important commercial and trade sources. Many other valuable 
sources of this class will be found by referring to the list published 
in certain issues of the Survey of Current Business, The United States 
Bureau of Foreign and Domestic Commerce publishes a directory of 
trade associations which can be obtained from the Government Printing 
OflBice. A number of these associations compile valuable statistics that 
are not regularly published, but which will be furnished to interested 
parties under certain conditions. The United States Department of 
Commerce makes much of this material available through the Survey 
of Current Business, 

^.For more complete lists of Federal and state government sources, see references 
in footnote on p. 36. . 
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Among the more important local associations furnishing statistics 
are chambers of commerce, real estate boards, and the bank clearing- 
house associa;tions. Although, in many instances, chambers of commerce 
are essentially booster organizations, they ordinarily are able to furnish 
valuable statistical information concerning the community. The relia- 
bility of the data depends upon the individual chamber of commerce. 


Name of association 

• 

Data 

Where 

published 

Frequency of 
publication 

American Iron and Steel 

Steel production 

Trade papers 

Monthly 

Institute 



American Paper and Pulp 

Paper and pulp pro- 

MoTtildy He'imrt 

Monthly 

.^sociation 

American Petroleum In- 

duction 

Gasoline consump- 

Bulletin 

stitute 

Associated General Con- 

tion, etc. 

Indexes of construe- 

The Constructor 

Monthly 

tractors of America 
Association of American 

tion cost and volume 
Car loadings 

Printed statements 

Monthly 

llailroads 



Chicago Board of Trade 

Wheat, corn, and oats 

Trade papers 

Daily 

Cotton Textile Institute 

receipts, etc. 

Cotton yarns and 

Weekly Report 

Weekly 

National Association of 

cloth printed 

Index of real estate 

Bulletin 


Real Estate Boards 
National Board of Fire 

sales 

Fire losses 

Trade magazines 

Monthly 

Underwriters 

National Electrical Manu- 

Electric motors, etc. 

and newspapers 
Nenia Survey 

Monthly 

facturers Association 




Portland Cement Associ- 

Pavement contracts 

Concrete Highways 

Monthly 

ation 

Rubber Manufacturers 

awarded 

Consumption of rub- 

Printed reports 

Monthly 

Association 

United Typothetae of 

ber 

Printing activity 

Tyjtothetae Bulletin 

Monthly 

America 



1 


but in cases where the degree of reliability is not known, the data should 
be checked in some manner, if possible. Real estate boards may have 
vacancy data or other statistical information on real estate situations. 
Bank clearing associations issue reports on bank clearings. Ordinarily, 
one can also find many other organizations in a locality which compile 
statistical information. These will vary from one community to another. 
If the data are in existence and one does not know to what organization 
to go, he can first inquire where he thinks the prospects are best, and hfe 
will ..ordinarily be directed to the organizations which have, the data. 

In addition to the above, which are strictly local organizations, state- 
wide organizations, such as the California State Chamber of Commerce, 




40 


BUSINESS STATISTICS 


or regional organizations, such as the New England Council, are impor- 
tant sources of statistical information.* 

Trade Papers and Technical Periodicals. — Much valuable statistical 
information is published regularly in trade papers and technical period- 


Publication 

Typical data 

When data listed an^ 
published 

American Metal Market 

Composite pig-iron and stool 
prices 

First or second week 
of month., 

The Annalist 

Stock sales, prices, etc. 

First weekly issue of 
month (Fridays) 

The Bond Buyer 

State and municipal bond 
issues and yields 

First weekly issue of 
month (Saturdays) . 

Coal Age 

Mine price of bituminous 
coal 

Weekly (Thursdays) 

Commercial and Financial 

Cotton, visible supply 

Weekly (Saturdays) 

Chronicle 

Interest rates on call loans 
and commercial paper 

New corporate securities 

Weekly (Saturdays) 

Last weekly issue of 
month (Saturdays) 

Electrical World 

Engineering and Mining Jour- 
nal 

Sales of electrical energy, 
central stations 

Prices of copper, lead, and 
zinc 

First weekly issue of 
month (Saturdays) 

Engineering News-Record 

Construction cost index 

First weekly issue of 
month 

Iron Age 

Pig-iron production, fur- 
naces in blast, etc. 

First weekly issue of 
month (Thursdays) 

New York Journal oj Commerce 

Dividend and interest pay- 
ments and new incorpora- 
tions 

Fire losses 

First week of month, 
or tenth of month 

Tenth of month 

Northwestern Miller 

Grain receipts, etc. 

Weekly (Wednesdays) 

OH and Gas Journal 

Gasoline prices 

Weekly 

Oilj Paintf and Drug Reporter 

Price indexe.s of drugs, oil, 
etc. 

Weekly (Mondays) 

Printer* s Ink 

Railway Age 

Magazine advertising 
Railway-equipment . orders 

Second week of month 

Statistical Sugar Trade Journal 

Sugar stocks, receipts, melt- 
ings, and Cuban statistics 

Weekly (Fridays) 

The Wan Street Journal 

Stock and bond sales and 
prices 

Daily 


icals. This is especially true for the period since the World War. Some 
of the more important ^riodicals which publish statistical data of value 
in analyzing current conditions are presented in the list shown above. 

* For more complete information on commercial and trade association statistics, 
see refoences in footnote on p. 36 . 
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While this is a representative list of the more important technical 
periodicals for general purposes, it is not complete, and many other 
periodicals are published which furnish valuable statistical information. 
Brief descriptions of these publications will be found in Crain^s ‘‘Indus- 
trial Marketing.'' ' 

Private Organization Statistical Reports. — Many concerns are now 
issuing various kinds of statistical data. Some of these data arc 
external, collected in the course of the com^ern's business, while others 
are internal, such as sales, which are often of general interest to 
the publtc. Among the more important sources of data of this type 
are the following: 


Name of organization 

Data 

Where published 

Frequency of 
publication 

Aberthaw Construction 
Company 

Building costs 

Trade papers 

As issued 

American Appraisal Com- 
pany 

Construction costs 

American Appraiftal 
News 

Monthly 

Best, A. M., & Company 

Insurance data 

Reports 

Monthly 

Dodge, F. W., Corporation 

Construction con- 
tracts awarded 

Dodge Statistical Re- 
search Service 

Monthly 

General Motors Corporation 

Sal(js of ^cars 

Financial papers 

Monthly 

Lloyd’s 

World ship con- 
struction 

Printed release 

Quarterly 

Kresge, S. S., Company 

Chain store sales 

Financial papers 

Monthly 

National Bureau of Eco- 
nomic Research 

Purchasing power, 
etc. 

Special reports 

As issued 

Polk, R. L., & Company 

New passenger-car 
registrations 

Automobile trade 
papers 

Monthly 

Sears, Roebuck & Company 

Mail-order sales 

Financial papers 

Monthly 

United States Steel Corpo- 

Unfilled orders, 

Press releases 

Monthly or 

ration 

earnings, wjiges 


quarterly 

Woolworth, F. W., & Com- 
pany 1 

Chain-store sales 

Financial papers 

Monthly 


The National Bureau of Economic Research listed above was formed 
for the i)urpose of carrying on “impartial investigations in the field of 
economic, social, and industrial science." Its statistical compilations 
and analyses in connection with national income, business (iycles, unem- 
ployment, economic changes, and other business and economic problems 
are of great value to the serious student of business. 

Economic and Statistical Services. — In addition to the above, there 
are several economic and statistical service organizations which make 

^ Published by Advertising Publications, Inc., 100 East Ohio Street, Chicago. 
See also referepces in footnote on p. 36. 
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' it their business not only to collect but to analyze data for the general or 
special lise of business men. Among the best known of these arej Bab* 
son^s Statistical Organization^ The Brookmire Economic Service; 
Moody ^s Investors Service; and Standard Statistics Company. The 
work of these services will be discussed in some detail in Chapter XVII 
on Business Forecasting. 

A description of many other statistical services of general and special 
natures will be found in the 1938 edition of the Handbook of Commercial 
and Financial Information Services” issued by the Special Libraries 
Association. ^ This handbook describes statistical services available from 
commercial sources. It includes all of the well-known services and a 
brief description is given of the facilities of some of the smaller agencies 
which are less known, but which furnish special information of value. 

University Bureaus of Business Research. — Many universities have 
established bureaus in recent years which compile and analyze business 
statistics. Among the universities which have such bureaus or carry 
on business research are: Harvard University, University of Chicago, 
New York University, Northwestern University, University of Penn- 
sylvania, University of Pittsburgh, University of Wisconsin, licland 
Stanford University, Ohio State University, University of Denver, Brown 
University, University of Iowa, University of Michigan, University of 
Oregon, University of Texas, and University of Illinois.^ 

As the work of these bureaus is usually directed and carried on by 
highly trained staffs, it is ordinarily carefully and accurately done, and 
many valuable contributions have been made. Some of the results of 
this work are distributed gratis, but usually a charge is made. Much 
of this work is highly specialized and direct inquiries must be made in 
order to secure accurate descriptions of it. 

Yearbooks and Other Reference Books. — ^The preceding publications 
are principally of a current nature. That is, they are published monthly, 
weekly, daily, or at irregular intervals as soon as the data are available. 
In addition to these, there are several yearbooks that are valuable sources 
of statistical information, especially that which extends back over, a 
considerable period of time. Some of the yearbooks are of great value 
in that they furnish convenient sources of summarized information over 
long periods, and if more recent or more detailed data are required, refer- 
ences are given to the proper sources. 

The brief description given below includes the more widely used 
government and private statistical yearbooks. 


* 'Further information relative to this handbook may be obtained from local 
libraries. See also the references in the footnote on p. 36. 

* For a more complete list, see second reference in the footnote on p. 36. 
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One of the best yearbooks on American economic statistics is the 
Stotisticdl Abstvdct, This publication presents a digest of statistics 
relating to business collected by all statistical agencies of the national 
government, as well as those of a considerable number of state and private 
agencies. It includes some 850 pages of data on area, population, immi- 
gration, public land, climate, government finances, money and banking, 
wealth, prices, wages, communication, electric light and power, public 
roads, motor vehicles, railways, commerce, farm products, fisheries, 
minerals, manufactures, and other subjects of interest to the business 
man. It ts compiled by the Bureau of Foreign and Domestic Commerce, 
and bound volumes are sold by the Superintendent of Documents. 

For many years, the Statesman's Yearbook (published by The Mac- 
millan Company, New York) has been one of the best general-reference 
yearbooks. It covers a wide range of subjects, and is recognized as a 
very reliable source of information. 

The well-known World AlmanaCy published by the New York Worlds 
Telegram^ covers a wide range of subjects, with special emphasis on New 
York data. It is a popular yearbook because it is issued promptly on 
January 1 each year, and is sold at a low price. It is reasonably accurate, 
although it does not present a dignified appearance. 

The United States Department of Agriculture's Yearbook of AgricuU 
ture (before 1936) and (beginning in 1936) the separate publication 
Agricultural Statistics contain several hundred pages of statistical data 
on farm production and prices. The yearbook can ordinarily be obtained 
gratis from one^s senator or representative. 

The annual Minerals Yearbook covers production, shipments, prices, 
etc., in the mineral industry. It is compiled by the United States Bureau 
of Mines, and can be obtained from the Superintendent of Documents. 

Of particular interest to sales and advertising managers is the Sales 
Management Reference Number, This is a statistical report published 
by Sales Management, which presents data on United States commerce, 
measures of buying power, extent of the industrial ’market, distribution 
of goods, advertising appropriations, advertising media, and the foreign 
market. 

In addition to the above yearbooks, there are many other valuable 
yearbooks and similar publications which may be found in well-supplied 
libraries.^ 

Among the reports that are issued regularly, but less frequently than 
yearbooks, are a number of publications compiled by the Bureau of the 
Census. This bureau takes a census of population every 10 years, 
agriculture every 5 years, and manufactures every 2 years. In the 1930 


* For additional information on yearbooks, see references in footnote on p. 36. 
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census, a census of distribution was included. A census of business was 
taken in 1933 and 1935. These and other reports are enumerated in 
A List of Publications of the Department of Commerce'' which is avail- 
able, without charge, from the Superintendent of Documents. 

For those who wish to make long-term studies of monthly data and 
analyses which involve the use of such data as daily stock prices, the 
Standard Statistics Company's Base Book is one of the most compre- 
hensive and complete compendiums of business and financial statistics 
available. It contains long-term monthly statistical records and graphs 
of prices, production, foreign trade, consumption, stocks on hSnd, stock 
and bond price indexes (including some daily figures), classified monthly 
data on corporation financing, and other data of interest to business men. 
A number of series are presented by months as far back as 1900 and some 
are given* for even earlier periods. 

A statistical reference book of great value in making market analyses 
is the Consumers Market Data Handbook^ published by the United 
States Bureau of Foreign and Domestic Commerce. It is probably the 
most complete report available covering certain types of information on 
consumer markets. Data are given by counties on population, manu- 
facturing, agriculture, mining, income tax returns, telephones, electric 
consumers, automobile registrations, periodical circulation, number of 
trade outlets, number of farms, farm values, types of industry, and other 
items of special interest in analyzing commodity markets. 

The Market GuidSy published annually by the Editor and Publisher 
Company, New York, provides a helpful summary of statistical data 
pertaining to small towns and cities, and includes state summaries. 

Market Research Sources, published biennially by the United States 
Department of Commerce, Bureau* of Foreign and Domestic Commerce, 
is a guide to statistical publications that is of great value in many kinds 
of industrial financial market, real estate and other business analysis.' 

Other Sources of Information. — It has been the purpose of this dis- 
cussion to introduce the student to some of the more important sources 
which publish reports regularly. Familiarity with these wijl indirectly 
acquaint one with many other general and specialized sources which will 
be of value in making statistical investigations. Many other good 
sources of statistical information will be found by referring to the various 
directories of publications. Some of the most important of these direc- 
tories have been mentioned in the preceding, discussion. 

Often an investigator has a general idea that the information for 
which he is searching appears in published form, but he does not know 
the names of the publications in which the information appears or where 


^ See second reference in footnote on p/. 36 ... 
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to find them. Ordinarily, the best procedure in searching for such sources 
is to approach statistical organizations and others who are most likely 
to know where the desired information can be found, and if they do not 
know, they may be able to refer the investigator to someone who does. 
This method may involve a long series of calls — that is, the investigator 
first calls upon Jones, who tells him that Smith may know, and Smith, 
in turn, refers him to Brown, etc. However, by following up these leads, 
the investigator is ordinarily able to determine the source of the informa- 
tion, or that it is not available. 

Estimation and Indirect Sources. — It often happens in business 
surveys that secondary data arc not available and that the cost of making 
a complete count or even of taking a sample is prohibitive. Consequently, 
it may be necessary to use careful estimates instead. If the estimates 
are made independently and without bias by skilled estimators, they are 
often of as great practical use in determining policies as would be an 
exact count. If, for instance, in making a market analysis, it is necessary 
to know the distribution of the purchasing power in a given city, a good 
idea of the distribution can be gained by estimating the value of the 
occupied dwellings and (after determining by means of a sample the 
average relation of dwelling value to income) converting the estimated 
values to income figures. Such an estimation does not measure the 
distribution, but it may be said to indicate it. In large cities, figures 
are often available on school enrollment, water services, and other series 
which have a reasonably constant relation to the population. Conse- 
quently, population growth can be estimated from these bases. Great care 
must be taken, however, when making such estimates to make all neces- 
sary corrections and to make allowances for any bias or cumulative errors. 

Cost is not the only factor that makes it impossible to make surveys 
in certain instances. It frequently happens that, as a practical matter, 
the information can not be secured at any cost. In such instances, it 
may be desirable to make a complete or extensive enumeration of cer- 
tain basic items, or to secure the data from secondary sources if they 
are available, and then tie certain other data to these basic data by 
means of special investigations made by other skilled workers. For 
exampjt^t may be impossible to secure figures directly as to the total 
sales by a given class of manufacturers, though at the same time 
these* manufacturers would give full information as to employees and 
pay roll. In this case, skilled investigations might readily determine 
average ratios between sales and pay rolls by using adequate samples, 
and estimates of the desired total sales figures might be made which would 
be sufficiently accurate for the purpose at hand. 

Assembling and Presenting the Data. — After the schedules, question- 
naires, and other primary or secondary records in a particular investiga- 
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tioii have been accumulated at the central office, the next major step 
is to combine the data in various groups or classifications (which, in a 
well-planned survey have been predetermined as far as possible). That 
is, the data from the schedules, questionnaires, and other records must 
first be assembled in the form of detailed master working tables, and then 
the final presentation may be in the form of finished tables, running text, 
or graphic charts. To explain in some detail the assembly and presenta- 
tion of statistical data is the objective of the next three chapters. 

Questions and Problems 

1. Why are secondary data often used instead of primary data? 

2. What kinds of forms are used in compiling secondary data? 

8. Why is it easier to find favorable data than unfavorable data? 

4. When using secondary data, why must one be on guard against deliberate 
misrepresentation of data; intentional overestimates or underestimates; and biased 
results due to use of partial data, biased surveys, or wrong statistical methods? 

6. When are primary data more reliable than secondary data? When are second- 
ary data more reliable than primary? 

6. What important current sources of business statistics are published by the 
Federal Government? 

7. What types of information are published in the Survey of Current Business? 

8 . What governmental agencies other than those of the national government 
publish statistical information that is valuable in business analysis, and what are 
some examples of the data collected and published? 

9. Name several associations that publish trade papers. What local bodies or 
organizations collect data in cities or adjacent areas? 

10. Name several typical periodicals of a technical sort and mention typical data 
published by each. 

11. What are several private organizations that collect and publish information 
on their own or related business activities? Where do they publish these data? 

12. Name several national economic or statistical services. Where can one find 
information on other similar services? 

18. What type of work is done by university bureaus of business research? 

14. Describe several yearbooks containing economic statistics. What types of 
data are published? 

16. When one does not know the sources of the information desired, how can he 
proceed? 

16. When Census data on population are out of date and the cost of taking a new 
census is prohibitive, what figures can be used as bases upon which to make population 
estimates? What kind of source would this be, and what kind of count would be 
secured? 



COLLECTION OF DATASECONDABY SOURCES 


47 


17. (Introduction to secondary sources.) Familiarize yourself with the statis- 
tical reports, yearbooks, magazines, journals, and services listed below. Only a 
general knowledge will be required at the present time. 


StaiiBtical Abstract. 

Staie8man*8 Yearbook. 

Foreign Commerce Yearbook. 

Monthly Labor Review. 

Fifteenth Census of the United States. 
Yearbook of the Department of Agriculture. 
Federal Reserve Bulletin. 

Survey of Current Business. 

Commercial and Financial Chronicle. 
Engineering News^Record. 


Monthly Review — Federal Reserve Bank 
of your district. 

Commerce Reports. 

Review of Economic Statistics (Harvard). 
Brookmire Economic Service. 

Babson's Reports. 

Standard Statistics Compani/s Service. 
Moody's Investors Service. 

Poor's Investment Service. 


18. Compile figures for the United States for the last 12 years for the following: 

Pig-iron production {Iron Age?^. 

Bank debits, excluding New York City (Federal Reserve Bulletin). 

Construction contracts awarded in 37 states (Survey of Current Business). 

Unfilled orders of the United States Steel Corporation (Survey of Current 
Business). 

Bureau of Labor Wholesale Price Index (Monthly Labor Review). 

New York Stock Exchange Transactions (Anrudist). 

Prices of industrial stocks (Dow-Jones Averages in Wall Street Journal or other 
newspapers). 

(Other sources and other subjects may be suggested by the instructor.) 

19. Using Market Research Sources (United States Department of Commerce),* 
compile a list of Federal and state government, trade association, chamber of com- 
merce, trade paper, newspaper, private statistical service, and university bureau 
sources of specified types of data that you believe would be helpful in analyzing the 
following: 


а. A national market for high-grade radios. 

б. A bond of a manufacturer of automobile ti^^8 having a national market. 

c. Cost-of-living and w'age conditions from the point of view of establishing a 
shoe factory in a new location. 


* See second reference ?n footnote on p. 36. 



CHAPTER IV 
TABULATION 

After the schedules, questionnaires, or other records of original 
data have been assembled together at the central office in sufficient 
quantities, definite plans should be made for combining and arranging 
the data in the form of detailed working tables. Later these working 
tables will be revised and presented as finished tables, text, or graphs, 
but the preliminary detailed working tables must be compiled first to 
facilitate the preparation of the finished forms. Before any hand or 
mechanical tabulating work can proceed, however, the schedules, ques- 
tionnaires, or other records must be edited, and the system of classifica- 
tion must be checked and reconsidered. 

In broad terms, the steps in tabulation are as follows: 

Editing (and coding if necessary). 

Checking and reconsideration of classifications. 

Sorting according to classes. 

Counting or compiling. 

Preparation of working tables. 

Preparation of final tables. 

To discuss these steps is the purpose of the present chapter. 

Editing the Returns.— The first step after the schedules or ques- 
tionnaires have been received at the central office is to examine them 
in detail for the purpose of determining whether or not they are complete 
and accurate as far as may be indicated by internal checks. This work 
of editing the returns requires a high degree of skill and care, for it involves 
inaking additions and alterations, but there must be no falsification of 
the original returns. 

If statements are mutually contradictory, it is desirable to determine 
which is correct. If this cannot be done, the return will probably 
have to be discarded. Returns always should be corrected and used 
when possible, since hasty decisions to throw out doubtful returns would 
result in the loss of a large amount of information. When the editor 
enters any corrections, they should be entered in a distinctive ink which 
is readily distinguishable from the original. Any original data which 
are in error should be canceled in such a way that they can be used again 
if necessary. Data should never be destroyed by erasure. 
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PURCHASBS OP THE WESTERN ElEVATOR COMPANY — 1937 
By Kinds of Grain 

Grain DoUars 


Corn 

Wheat 

Oats 

Barley 

Rye 

Flax 

Buckwheat 

Total 

A . — Classification by commodities. 


22,029,288.40 

18,882,247.20 

13,217,573.04 

6,664,674.16 

1,258,817.50 

1,258,815.46 

629,408.24 

62,940,824.00 


Purchases of the Western Elevator Company — 1937 


Origin by States 

State 

Iowa. 

Illinois 

Wisconsin 

Michigan 

Minnesota 

Missouri 

Nebraska 

South Dakota 

Total 

R , — Classification by states. 


Dollars 

12,588,164.80 

11,329,348.32 

9,441,123.60 

8,811,715.36 

8,182,307.12 

6,294,082.40 

5,035,265.92 

1,258.816.48 

62,940,824.00 


Purchases of the Western Elevator Company — 1937 
By Months 

Month DoUars 


January 3 , 892 , 560 . 12 

February 3,087 , 532 . 08 

March 2,123,567.00 


April 

May. 

June. 


3,002,781.02 

1,578,832.01 

1,206,878.00 


July 

August. . . . 
September 


1,789,862.21 

4,987,700.04 

9,882,830.12 


October. . . 
November 
December. 
Total... 


13,078,320.04 

12,078,506.14 

6,231,455.22 

62,940,824.00 


C . — Classification by month of purchase. 


E2XB1BIT 5. — Three different olassifioations of one concern’s purchase data. 
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If data are to be segregated by descriptive classes or class intervals, 
it is always necessary in machine tabulation, and sometimes desirable in 
hand tabulation, to give these items or classifications numerical designa- 
tions. This work, known as coding, is usually carried on in conjunction 
with editing. Since an understanding of coding depends to a certain 
extent upon a knowledge of machine tabulation, further study of this 
subject will be reserved until after some consideration has been given to 
machine methods. 

Final Classification. — ^In a well-balanced statistical investigation, the 
scheme of classification is commonly determined as far as possible before 
the data are gathered. However, a complete classification can seldom 
be worked out for working tables until after the data have been collected 
and edited, or for final tables until after the working tables have been 

OFFICE SPACE RENTAL RATES 



RE>1TAL PER SQ. 
FT. PER YEAR 

TALLY 

TOTAL 

S 1.00 1.49 

// 

2 

S 1,50 -S 1.99 

/W /// 

8 

S2.00-S2.49 

w/ /w /// 

13 

S230-S29 9 

/HJ /H/ /w rw //// 

24 

$3.00 -S3 .49 

/Hf /w rw m/ m/ /w / 

31 

$3.50 -S3 9 9 

m/ /H/ m/ /// 

18 

$4.00 -$4.49 

fH/ rw 

10 

$430-$499 

fW // 

7 

$5.00 -$5.49 

/ 

1 


Exhibit 6. — tally sheet. 


IGinished. It is often necessary to collect the original data in great detail 
in order that the final classification may be determined in a satisfactory 
manner. Then the individual items can be grouped systematically 
according to their common characteristics, and the relationships between 
items and groups can be brought out by the arrangement. 

Often the same data are classified in a number of different ways. 
Exhibit 5 illustrates three different classifications of the purchases of the 
Western Elevator Company in 1937, The subject of classification is dis- 
cussed in greater detail in Chapter VII on Statistical Distributions. 

Hand and Machine Tabulation, — Ordinarily in a statistical survey 
the decision will have been made, before the field work has been started, 
1^3 to whether hand or machine tabulation methods will be used. It is 
important that this decision be made in drawing up the original plans 
of procedure because the different tabulation methods usually require 
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different kinds of schedules^ questionnaires, etc., to obtain the greatest 
efficiency in sorting and tabulating.^ 

In hand tabulation, the schedules or questionnaires are sorted by 
hand into groups according to the smallest classification break-down 
required. Then the necessary counts and additions are made (using 
an adding machine when feasible) and the results are entered on the 
master working table. The work of counting or ‘‘tallying " may be facili- 
tated by the use of the tallying sheet, illustrated in Exhibit 6. 

In machine tabulation, the original data from the schedules or ques- 
tionnaires are punched on cards. These cards are sorted by machine 
according to the desired classifications, then the counts or additions are 
made by machine and the results are automatically recorded in tabular 
form. 

The procedure in both hand and machine tabulation will now be 
illustrated in detail by describing the steps necessary in sorting and 
compiling the occupancy survey data by census tracts gathered on the 
schedule illustrated in Exhibit 3A on page 26. 

Hand Tabulation. — Referring to Exhibit 3A on page 26, it will 
be noted that the census-tract numbers appear on the schedule cards. 
Let us assume that the editing work has been completed and that the 
census-tract numbers have been checked. Also let us assume that the 
cards have been filled out by postmen and that they still are arranged 
according to postmen’s routes, which, of course, may cut across several 
census tracts.* The first step is to sort the schedule cards according 
to census tracts. If the tract numbers have been carefully entered on 
the cards, this sorting is a routine matter, yet it requires considerable 
care if errors are to be prevented. 

The next step is the compiling of the various classes of data according 
to each tract. Using an adding machine, the figures are added directly 
from the original field cards and the totals are recorded on a master 
working table, such as the one illustrated in Exhibit 7, on the following 
page. That is, one would take the pack of cards for one tract and add 
up the items for, say, number of units occupied in single houses, check 
the adding machine tape back with the cards, and record the total 
in the proper column opposite the proper tract number on this working 
table. Then one would follow the same procedure for the next item in 
the single family house column (units vacant) and so on. The adding 
machine tapes should be kept in order and when a tract has been com- 
pleted the entries that have been made oii the master working table should 

^ The terms 'tabulating’' and "tabulation” when used in this sense should not be 
confused with the same terms when used in connection with the making of tables. 

. * A census tract is a relatively small area usually including, in the larger cities, a 
population of from roughly 2,000 to 10,000. 
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again be checked with the totals on the tapes. Other orders of procedure 
may be followed, and additions may be made without machines or by 
machines without tapes, but whatever the methods may be, they must 
provide for the foregoing entries and checks. 

Considerable care should be taken in drawing up the master working 
table form. All of the classifications to be use^ should be included, 
and the tract numbers should be arranged in geographical groups for 
convenience in use (ree Exhibit 7). The sheet should be as large as is 
necessary for properly recording the data — ^it may have to be two or three 
feet long 'in order to accommodate the necessary classifications. It 
will be noted that the table in Exhibit 7 provides space for entering 
percentages which are to be computed after the counts have been entered. 

In arranging the census tracts on tables, it is advisable to group 
ll].‘m so they can be combined readily into larger statistical districts. 
It may be advisable, for example, to combine, say, one hundred censiis 
tracts into, say, ten statistical districts. If the census tracts can be 
combined so that each group is reasonably homogeneous, it will be more 
satisfactory from certain points of view to have a city divided into, for 
instance, ten parts rather than one hundred. The original data should be 
recorded by small tracts, however, so that combinations can be made 
in accordance with the various requirements, and so that the more 
detailed types of studies can be made of the developments and distribu- 
tions within the city. 

After the number of units occupied, vacant, and under construction, 
and the number of extra families, have been compiled, by different types 
of buildings, and recorded on the master working table, the totals of the 
different unit items for the city can be found by adding the columns verti- 
cally, and the total units by types of buildings can be determined by add- 
ing the unit items horizontally. The percentages occupied, vacant, and 
under construction, can now also be computed and entered in the proper 
places on the master working table. The base for these percentage 
computations shoula ordinarily be the total of all units occupied, vacant, 
and under construction. 

After the master working table has been completed, it can be broken 
down or rearranged into whatever final tables will best meet the require- 
ments of the survey. 

^ Machine Tabulation (Occupancy Survey Example). — ^The problem 
of sorting and tabulating the data from the occupancy survey schedule 
shown in Exhibit 3A on page 26, which was used to illustrate hand 
tabulation, will now be used to illustrate machine tabulation. 

Mechanical sorting and tabulating equipment and supplies are fun- 
nished by two concerns: The Electric Bookkeeping and Accounting 
Machine Division of the International Business Machines Corporation, 
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and the Powers Accounting Machine Division of Remington Rand Inc. 
The Machines of the former company are commonly referred to as 
“I.B.M.” or “Hollerith” machines and those of the latter are referred to 
as “Powers” machines. Each set of equipment consists of one or more 
key punches, a sorting machine, and a tabulating machine. 

oooo#oooooooooooooooooooooooooooooooooopooooo 
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A , — A plain 45-column tabulating card punched to represent the number 456,809, 
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B , — An 80-oolumn occupancy survey tabulating card punched to represent the data shown 
on the enumerator’s field schedule presented in Exhibit 3 A on page 26. 

Ejchdit 8.-«~Example8 of tabulating cards (full sise 3i X 7| inches). (A, courtesy. 
International Bueineee Machines Corporation; B, courtesy United States Department of Com- 
merce and National Conference on Construction.) 

The basis of mechanical sorting and tabulating is a card known as a 
“tabulating card,” “punch card,” or “code card” (see Exhibit 8 ), to 
wUch the data are transferred from the field forms by punching holes. 
The position of a hole in the em'd represents a figure. The hole makes it 
' posable for an electrical contact to be made in the case of the I.B.M. 
equipment or a mechanic^ plunger to pass through the. card in the cage 
fit the Powers ^uipm^t, and on the baiw of the ppation. qf tha contact 
01* Idunger, the caids can lie sorted and tabulated mechanically. 
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Tabulating cards are of uniform size, namely, 3J X .7| inches, and 
those in common use have 45, 80, or 90 columns of digits. Blank tabulat- 
ing cards can be secured upon which there are no captions of any kind 
and upon which there are no lines ruled between the columns of numbers 
(see Part A, Exhibit 8). This basic card can be adapted to the particular 
purpose at hand by inserting column captions for groups of columns as 
desired. In large jobs, the captions and rulings are usually printed on 
the card. The headings for an occupancy survey tabulating card 
corresponding to the field schedule illustrated in Exhibit 3A are shown 
in Part JE^of Exhibit 8. 

Any number can be recorded in any group of columns by punching 
(by means of a '‘key punch '0 the successive digits in the columns that 
correspond with the positions of these digits in the written number. 
For example, if the number 456,809 were to be placed on the tabulating 
card in Part A of Exhibit 8, the digit 4 would be punched in the first 
column by means of the key punch, the digit 5 would be punched in the 
second column, the digit 6 in the third, the 8 in the fourth, the 0 in the 
fifth, and the 9 in the sixth column as illustrated. 

The numbers punched upon the code card in Part B of Exhibit 8 
give all of the essential information recorded on the field schedule shown 
in Exhibit 3A, page 26. On this card the tract number (162) has been 
punched in the first three columns, the number of single houses occupied 
(2) has been punched in the columns which are so designated, and so on. 
(It will be noted that zeros are punched ahead of the figures when they 
are not large enough to use all of the columns allotted. This is done to 
move the key punch into position for the succeeding columns and to 
indicate that the column was not passed in error.) 

While the field schedule shown in Exhibit 3 A, on page 26, was 
designed to facilitate sorting by tracts in hand tabulation, it is convenient 
and otherwise satisfactory for machine methods. However, when it is 
planned to use machine tabulation, it is often preferable to use a larger 
schedule, which, iix the case under consideration, would provide one 
line for one side of a block instead of a whole card. The headings on such 
a schedule would be similar to those on the master working table of 
Exhibit 7, omitting, of course, the percentage and total columns under 
each major heading. Since one line on such a schedule provides the data 
for one punch card, no difficulty is encountered if a schedule includes 
data for more than one tract, since the mechanical sort of the punch cards 
is for the same purpose as the hand sort of the schedule cards. 

After the tabulating cards have been punched, the next step is to sort 
them according to the desired classifications. The "sorting machine^’ 
sorts the cards according to the holes punched in on^ column only at s. 
sorting. To sort 5,000 cards by 275 tracts, for example, the machine 
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will be set to sort the entire 6,000 cards according to the third digit (read- 
ing from the left) under ‘'tract.” When this sort has been made, the 
cards will be taken in order from the compartments of the sorter and 
re-sorted according to the holes punched in the second column. Next, 
the cards will again be taken in order from the machine and re-sorted 
according to the holes punched in the first column on the left. The 
result of this operation is an arrangement of the cards by tract num- 
bers in sequence, which constitutes a complete sort. The procedure 
will be described in greater detail in connection with the example in 
Exhibit &. 

When the cards have been sorted, they are run through the tabulating 
machine, which automatically adds the numbers punched on the cards. 
Two types of tabulating machines are available: One both tabulates and 
records the numbers punched; the other only tabulates without recording 
the numbers and the totals are read from the machine. If recorded totals 
of each of the columns under “single houses” are desired for each tract, 
for instance, the recording tabulating machine will be set to add and 
record the information in all of these columns. In one operation the 
numbers, represented by the holes punched in the columns headed 
“occupied,” “vacant,” “under construction,” and “extra families,” 
can be tabulated to give a subtotal for each tract and a grand total for 
each building classification. 

Machine Tabulation (Sales Record Example). — In sorting and 
tabulating the occupancy survey data as described in the preceding 
paragraphs, the machine method has no general advantages over the hand 
method. This is due to the fact that only one sort is required, that by 
tracts, and that this sort is largely provided by the field-survey procedure. 
That is, with the field cards arranged by postmen's routes, it is a relatively 
simple matter to hand sort them into tract groups. And to add up the 
counts on an adding machine is a simpler process than punching the cards. 
But if the data are to be tabulated with the groups arranged to show 
different relationsL'ps to each other, requiring several sorts of the same 
data, then the machine method has a great advantage over the hand 
method, for once the data are punched on the cards, they can be sorted 
and tabulated mechanically in as many combinations as are desired. 
To illustrate such a problem, the procedure in tabulating the sales data 
in Exhibit 9 will be described. 

For purposes of illustration let us assume that the desired compila- 
tions include the following classes of data: 

Sales by commodities by customers by months. 

Sales by commodities by salesmen by months. 

Sales by commodities by size of sale by months. 

Sales by salesmen by size of sale by months. 
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Other combinations would also be compiled but the above are suffi- 
cient to illustrate the procedure when the same original entry is used in 
several different relationships. 

Coding. — punch card with headings corresponding to the captions 
of the table in Exhibit 9, and with the proper number of columns assigned 
to the different items^ is presented in Exhibit 10 on page 60. But before 
the tabulating card can be punched, it is necessary to ^'code'’ the sales 
data shown in Exhibit 9. That is, the non-numerical data on the record 
must be given numbers and the manner of punching the numerical data 
must be indicated. This has been done in Exhibit 9 by entering code 
numbers on each of the light lines to represent the corresponding sales 
items on the heavy lines below. 

Coding is done according to a definite set of instructions. For 
instance, the instructions to the coder for filling in the code numbers 
on Exhibit 9 included the following; 

On the light lines on the schedulei above the lines on which the entries have been 
made, place the proper code numbers in red for all items. In the following instruction 
list the items under the caption Headings*’ refer to both the sales record sheet and 
the punch card, and the entries under Punch-card columns” refer to numbers at the 
bottom of the punch card. 


Headings 

Punch-card 

columns 

Instructions 

Day 

1-2 

Code day of month directly according to date. 

Month 

3-4 

Code as follows: 




01 Jan. 04 April 

07 July 10 Oct, 



02 Feb. 05 May 

08 Aug. 11 Nov. 



03 Mar. 06 June 

00 Sept. 12 Dec. 

Invoice 




number 

5-9 

Code invoice number directly. 

Customer 

10-12 

Look up code number in alphabetical card file A-106. 

aty 

13-15 

Look up town or city number in alphabetical list TS-16. 

State 

10-17 

Look up State number in alphabetical list TS-16. 

Credit 

18 

Code as follows: 


rating 


0 under-$ 5,000. 

5 3 200,000- 500,000. 



1$ 5,000- 20,000. 

2 20,(K)0- 50,000. 

6 500,000-1,000,000. 

7 1,000,000-2,000,000. 



3 50,000- 100,000. 

8 2,000,000-5,000,000. 



4 100,000- 200,000. 

9 5,000,000 and over. 

Years as 

19 

Code as follows: 


customer 


0 under .5 year 

5 5-7 years 



1 .5-1 year 

6 7-10 years 



2 1-2 years 

7 10-15 years 



3 2-3 years 

8 15-25 years 



4 3-5 years 

9 25 years and over 


Similar instructions are given for the rest of the items to be coded. 








TABULATION 


59 


On the basis of the instruction list the coder proceeds to code the sales 
data entered on the heavy lines in Exhibit 9, as shown on the light lines 
above each entry. The fifth day of June is coded as 05 under the first 
heading and 06 under the second heading. As indicated previously, 0 
is punched in the columns when the figure is not large enough to require 
their use.^ 

According to the above set of coding instructions, the invoice number 
is re-entered on the code line (see Exhibit 9). This procedure is followed 
here to simplify the illustration, but it is feasible only when the work 
of transferring the figure to the code line is not great and it is desired to 
simplify the work of the punch operator. When a considerable number 
of large figures are to be punched, some other procedure is followed in 
order to avoid unnecessary copying, such as encircling the figures to be 
punched with the same colored pencil as used in entering the code 
nuftibers. 

To code the name and address of the customer the coder turns to 
the supplemental code lists referred to and finds that the code number 
for J. R. Brown & Co. is 107, that for Philadelphia is 52, and that for 
Pennsylvania is 3, and these numbers are entered accordingly (Exhibit 9). 

Obviously, the credit rating could be punched directly in dollars as 
entered on the sales record but to do so would require several columns. 
By grouping the information into classes, as listed in the foregoing instruc- 
tions, the groups can be coded, and sufficient information can be obtained 
by punching only one column. This method greatly increases the effi- 
ciency of coding, punching, sorting, and tabulating, and it is also often 
used to save space when there is difficulty in placing the desired informa- 
tion on one card. A similar method is used in coding the number of 
years that the purchaser has been a customer. 

Sometimes the work of editing and coding is combined, and sometimes 
the work is divided among several persons, the more complicated editing 
and coding being done by the more experienced and skillful workers. 
On simple schedule; the work of coding can sometimes be omitted, and 
the information can be punched directly by a specially trained operator. 

Punching from Coded Records. — ^After the information on a schedule, 
questionnaire or other record has been coded and checked, the next step 
is to punch the information on the tabulating cards. The record in 
Exhibit 9 is designed so that the information on one line is transferred to 
one card as previously indicated. The punch operator, therefore, simply 
punches a card for each coded, line. That is, the information on the top 
line of Exhibit 9 is punched on the card in Exhibit 10. It is obviously 
important, in securing the greatest efficiency in punching, to have the 

^ By over-punching November and December in the margin of the card^ it i^ 
possible to punch 12 months in one cpluniUT 
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items on the record and on the punch card arranged in exactly the same 
order (see Exhibits 9 and 10). 

It should be appreciated that Exhibit 9 has been designed to provide 
a simple illustration of the general procedure in coding, and that in actual 
practice, since nearly all of the information in this particular example 
is taken from the invoices, it would ordinarily be feasible to code the 
extra information directly on the invoice sheets and have a specially 
trained operator punch directly from these invoices. As a general rule, 
in the more complicated surveys, however, the information should be 
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Exhibit IC.-^Tabulating card punched to represent the data on the top line of the sales 
analysis record of Exhibit 9. {Courtesy^ InterncUional Business Machines Corporation.) 


recorded and coded on a field schedule or intermediate form meeting 
the general requirements of Exhibit 9. 

Sorting and Tabulating the Sales Record Data of Exhibit 9. — ^After 
punching the code cards, the next step is sorting according to the classifi- 
cations by which the information is desired. In order to illustrate the 
sorting procedure, let us refer again to the four classes listed on page 57. 
As all four of the classes are by months the first sort would be by months. 
As three of the classes are by commodities, the next step would be to 
break down each month by commodities. Then each commodity group 
for each month would be sorted by customers for the first class, salesmen 
for the second class, etc. 

In order that we may appreciate more clearly the details of the sott- 
ing operation, let us consider again the first class mentioned above, viis., 
sales by commodities by customers by months. Suppose that we wish to 
sort the cards for bronze castings for October by customers. All of these 
cards have been punched 0 in the month column and 1,216 under the 
commodity heading, and the problem is to group all like numbers together 
that represent customers. As previously mentioned, the machine sorts 
according to the holes punched in one column only at a sorting. It may 
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help to understand the principle of the sorting operation if we suppose 
that we wish to sort all of the sales cards for J. R. Brown & Co. (customer 
107) from the entire set of cards for the year. This sorting might be 
done as follows: First, set the machine to sort all of the cards according 
to the first digit on the left. Then take the cards from the compart- 
ments of the sorter, and re-sort the cards punched 1 in the first column 
according to the holes punched in the second column. Then re-sort the 
cards having 0 punched in the second column according to the holes 
punched in the third column, and those in the compartment of the 
machine 'for the figure 7 will be all of the cards for customer 107. 

Now, let us suppose that instead of selecting the cards for a single 
customer, we proceed to sort the entire pack of cards for bronze castings 
];y customers. The reader is undoubtedly familiar with the usual 
procedure in hand sorting, and if he were to sort these cards, according to 
3-digit numbers, by hand, he would ordinarily sort first according to 
the figures in the hundreds place, then he would sort each pack separately 
according tc the tens place, and then each of the new packs according to 
the units place. Likewise, by the machine method, the sorter could be set 
to sort the cards according to the first digit of the 3-digit code. Then 
the cards could be taken from the compartments of the sorter and 
each pack re-sorted according to the next column on the right. Then 
each of these sorts, in turn, could be re-sorted according to the third digit, 
which would complete the sorting by individual customers. This pro- 
cedure, however, would require 111 runs for a completely used 3-digit 
code, whereas by a less familiar procedure it is possible to sort the entire 
pack in 3 runs. 

To sort the entire pack of bronze castings cards by customers in 
3 runs, the procedure is as follows: First, sort on the third digit (counting 
from the left). Then keeping the cards in order as they are taken from 
the pockets and placing them in the machine to be run in ascending 
order, sort on the second digit. Now all Oi the Fs in the third place 
will be arranged ajvording to the sequence of the second digit. Then 
repeat the process for the third digit, and the entire pack will be arranged 
according to the sequence of the customer code numbers at the end of 
the third run. 

After the cards have been sorted in the above manner according 
to sales by commodities by customers by months, and tabulated, the 
process is repeated for sales by commodities by salesmen by inonths, 
and for sales by commodities by size of sale by months. Then to sort 
by sales by salesmen by size of sale by months, the commodity break-down 
is ignored and each month is sorted by salesmen and then by size of sale. 

The above brief descriptions of a few of the sorting operations involved 
in compiling the data from the sales record of Exhibit 9 are believed to 
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be sufficient to illustrate the basic principles of the sorting operation. 
Sorting instructions, however, as prepared for the machine operator, 
should be complete for a given survey and cover all of the sorts that are 
to be made. 

To perform the counting or adding operations required, the packs of 
cards are run through the tabulating machine and the counts or additions 
are automatically made, as was described previously in connection with 
Part B of Exhibit 8. The printing tabulator can be set to add all of the 
columns of data at the same time, and to record automatically the 
subtotals each time the customer’s niunber, for instance, changes. At 
the end of a run, it will record the grand total. The machine can also 
be set so that instead of printing, for example, only the totals of each 
customer’s purchases, it will list each individual purchase and then 
record the total for each customer. The non-printing tabulator operates 
similarly, stopping when the customer’s number changes so the operator 
can copy the totals on his tabulation sheet from the dials. 

Formal Presentation of the Data.— After the data have been assem- 
bled in a preliminary way in the form of detailed working tables, the 
question arises as to the forms in which the final or finished presentations 
should be made. Ordinarily the methods of presenting statistical data 
may be grouped into three broad classes — textual, tabular, and graphic. 
The method or combination of methods to be used depends upon the 
purpose to be served. The same data may be presented in the three ways 
and from different points of view.* 

The textual method refers to the presentation of data in paragraph 
form. Textual discussion frequently accompanies a statistical table or 
graph for the purpose of emphasizing the outstanding points. When 
the data are introduced into textual discussion, they are used as required 
and often are not arranged in any systematic order. The following is an 
example of textual presentation: 

The indicated domestic demand for motor fuel in December 1937 was 39,457,- 
000 barrels, or a daily average of 1,273,000 barrels. This demand for December 
1937 was 8 per cent larger than for the same month in 1936. Stocks of gasoline 
increased 6,362,000 barrds in December, reaching a total of 76,990,000 barrels 
at the close of 1937, compared with 62,914,000 on hand at the close of 1936. 

Presentation by tabular methods will be the subject of the remainder 
of the present chapter, and presentation by graphic methods will be the 
subject of the two following chapters. 


* '^t. this point, the discus^n is confined to the technical methods of presenting 
n^erical data. ForsuggestibnB on how to prepare a statistical report, see Appendix 
V,pp.718feriT,incluBiTO. 



TABULATION 


63 


Tables. — Ordinarily in a statistical survey there will be several 
working tables to every one that is prepared for formal presentation. 
This discussion, however, will cover chiefly the principles of making 
finished lables, for the reason that if one knows how to make a finished 
table he will have no difficulty in appl3dng whatever principles are 
necessary to the making of working tables. 

Tables are constructed in various ways, depending upon the use to 
which they are to be put, and, therefore, it is very important, before 
beginning the construction of any one in particular, to decide as definitely 
as possible upon the purpose of the table. 

General- and Special-purpose Tables. — When determining the pur- 
pose of a table, a distinction must be made between general-purpose 
tables and special-purpose tables. General-purpose tables are ordinarily 
a matter of record, and are designed to bring together a wide range of 
data regarding a certain subject. Special-purpose tables are usually 
drawn up to aid in statistical analysis, or to show the results of statistical 
analysis, by throwing into relief the relationships which are of special 
significance. Summary tables are usually special-purpose tables. The 
large detailed tables in the Federal Census records are general-purpose 
tables. When such data are used, they are ordinarily taken from the 
general-purpose tables and presented as special-purpose tables, which 
emphasize the relations the user wishes to stress. 

Parts of a Table. — Making a good statistical table involves a thorough 
understanding of the details of developing each part so that it will be 
clear in presentation, efficient in analysis, economical in space, and attrac- 
tive in appearance. With this purpose in mind, the title, captions, stubs, 
ruling, spacing, arrangement of items, emphasis, and footnotes will now 
be considered in detail. 

T he Tit le. — It is the purpose of the title to indicate the subject and 
scope of the table quickly and clearly. Ordinarily the title should tell 
what is represented and where and when the data apply. The foremost 
requirement of a tith^ is that it be clear. The next most important con- 
sideration is that it be short. Clearness, however, should not be sacrificed 
for the sake of brevity. Long titles are not so easy to read as short titles; 
but sometimes it is necessary to use a long title to make a meaning clear 
to the reader. The title should be very carefully worded so that it will 
permit only one interpretation. Sometimes, when a title would be very 
long, it is best to present it as a short main title with a subtitle which 
supplements the main title. 

Titles are commonly in the form of a series of phrases rather than 
complete sentences (see Exhibit 11). Certain elements of the table may 
be emphasized in the title when they are of particular impbftatide'Tn' 
relation to the special purposie of the table. ^ . 
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V The title lettering should be the largest and most prominent of any 
lettering on the table when it is hand lettered or printed with type. If 






NEW YORK STATE SALES OF 
AMAZON INDIA RUBBER CORPORATION - 1937 
TIRES AND OVERSHOES BY MONTHS 

FROM ANNUAL REPORTS OF THE CORPORATION 

dollars 


Subl'VC 

K) 







MONTH 

TIRES 


OVERSHOES 

^ // 

^ Ltotal 

aiRES ANO^ 
OVERSHOES 

MEN'S 

WOMEN'S 

//TOTAL * 

JANUARY 

8.428 

2.248 

1.892 ^ 

i 4.140 

12.568 

FEBRUARY 

6.534 

^52 1 

1.662 

4.203 

10,737 

MARCH 

7,821 

1.890 

626 

2,51 6 

10,337 

^APRIL 

10.845 

1.089 

542 

1.631 

12,476 

•^MAY 

9.832 

86 I 

504 

1,365 

1 1,197 

"^JUNE 

1 1 ,0 1 6 

808 

263 

1.091 

12,107 

JULY 

12.526 

2.234 

1.842 

4,076 

16,602 

AUGUST 

11.654 

8.636 

a72i 

17,357 

29,0 1 1 

SEPTEMBER 

10.859 

14.508 

10.324 

24,832 

35,691 

OCTOBER 

9.834 

8.640 

4.852 • 

13492" 

23.326 

NOS/EMBER 

8.728 

4.337 

1.686 

6,023 

14.751 

DECEMBER 

6.863 

2,864 

1.842 

4.706 

1 1,569 

TOTAL 

114.940 

50.636 

34.796 • 

85.432 • 

200.372 


' "INCLUDES A SPECIAL ORDER FOR S 650.00 WORTH OF TENNIS SHOES 

EbcHiBiT 11. — ^The parts of a table. 


MEff YORK STATE SALSS OF 
AMAZON IMDIA RUBBER CORPORATiaN •» 1987 
Tires and Overahoee by Months 
nrom Arniual Reports oi the Corporation 
(In dollars) 


Month 

Tires 

Men's 

January 

8,428 

2,248 

Fehruary 

6,534 

2,521 

March 

7,821 

1,890 

April 

10,845 

1,089 

May 

9,832 

661 

June 

11,016 

808 

July. 

12,526 

2,2^ 

August 

11,654 

8, 636 

. September 

10,859 

14,508 

October 

9,834 

8,640 

Howember 

8,728 

4,337 

]>eeeiB[ber 

6,863 

2,864 

Total 

U4,940 

60,636 


Overshoes 


Total 
tires and 

Women's 

Total 

overshoes 

1,892 

4,140 

12,568 

1,682 

4,203 

10,737 

626 

2,516 

10,337 

542 

1,631 

12,476 

504 

1,365 

11,197 

283 

1,091 

12,107 

1,842 

4,076 

16,602 

8,721 

17,357 

29,011 

10,324 

24,832 

35,691 

4,852* 

13,492* 

23,326 

1,686 

6,023 

14,761 

1,842 

4,706 

11,569 

34,796* 

85,432* 

200,372 


^InoliiaeB a speolal order for |^60.00 worth of tennis shoes.. 

fbcBiBXT 12. — The data of Exhibit 1 1 set up in typewritten form. (Note that proper spacing 
and a small amount of underlining makes ruling and boxing unnecessary on such tables.) 

the lettering is made on the typewriter, title lettering can be emphasized 
by underiining. It is the common custom to present titles in capital 
letters, although it is not incorrect to use lower case letters^ capitalizing 
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only the important words. Emphasis in the title by size of lettering is 
illustrated in Exhibit 11, and a method of distinguishing between the main 
title and the subtitle when using the typewriter is indicated in Exhibit 12. 
The clearest titles are those which are arranged as in Exhibit 11 or 12. 
It will be noted that the arrangement of the phrases in this title is such 
that they stand out and are easy to read. The phrases are not divided at 
the ends of lines, but are centered, and each line represents a definite idea 
or group of ideas. The titles to many published tables, however, are not 
arranged in this way, the lines being broken without any regard for the 
breaking of ideas at the ends of lines. Titles made according to the 
second method are not so easy to read as those of the first method, but 
they are widely used because of the time and space saved. 

The preceding discussion applies to titles that are made up for final 
titbics, such as those prepared for publication. However, in practical 
work, for every final table there are many working tables on which the 
titles and other means of identification need only to be clear to those who 
are concerned with using them. The point should be emphasized, never- 
theless, that the titles should be complete and clear even if they are not in 
finished form. Probably the most important item to put on working 
tables is the date of preparation. This enables one to retrace his pro- 
cedure chronologically, and it is of great assistance in relating different 
pieces of work to each other and in determining whether one table super- 
sedes another. 

Caption s or Columnar Headin gs, and Definitions of Units. — ^At the 

top of each column in a table is a designation explaining what the column 
represents. This is called a ‘'caption'' (see Exhibit 11). If the different 
columns are expressed in different units, the definitions of the units should 
be included with the captions. If the unit of measurement is the same 
throughout the table, it is usually described at the top of the table, as in 
Exhibit 11. The statement of the unit should be unmistakable, as 
“height in feet," “price in dollars," etc. The expressions of the unit 
should be accompar 'cd by all necessary explanations. If such explana- 
tions are long or involved, they may be given in a footnote. When a 
number of digits have been dropped, ordinarily this fact should also be 
explained in the caption at the head of the column, or at the top of the 
table as illustrated in Exhibit 13. An explanation such as “ In millions of 
dollars" or “000,000 omitted" shows that six places have been dropped 
from the values represented. 

The captions may be shown in smaller letters than the main part of the 
table in order to save space. In general, the space ^or each column 
should be determined by the width of the largest numbers to be repre- 
sented, and the captions should be made to fit, even though it may be 
necessary to divide words and make several lines in the captions.. . 
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' Sometimes a simple caption, such as the one at the top of the first col- 
umn of figures in Exhibit 11, is all that is necessary. In other instances, 
a more complicated caption, with part of the caption being common to 
more than one column, is more satisfactory, as shown in the second, third, 
and fourth columns of figures in Exhibit 11. Note in the tsrpewritten 
table of Exhibit 12 that the relation of major to minor column captions is 
made clear by indicating with underlining. 

Obviously, the proper relation of the title to the captions and stubs 
should be maintained. If the title is expressed in detail, the captions 
may be simple. And when a short title is used, it may be necessary to 
express the captions and stubs in greater detail. 

Stubs or Row Designations. — Each horizontal row of data in a table 
is designated as illustrated in Exhibit 11. The designations of the 
rows are commonly termed “stubs” or “stub items,” and the complete 
column of these designations is known as the “stub.” It will be noted in 
Exhibit 11 that the stub column also bears a caption. The stub items 
should be complete and clear. Any irregularity should be explained in a 
footnote if there is not room for a clear statement in the stub. 

The lengths of the stub items determine the width of the stub column. 
If possible, the items shoiild be condensed so that they can be included 
in one line. In published tables, the stub items are usually set in the 
same size t 3 rpe as the numerical data. 

Ruling and Spacing . — k rough draft of the table should ordinarily be 
made before the figures are entered permanently. This is necessary in 
order that the table may be made to fit a sheet or a certain space, and 
in order that the proper widths can be determined for the columns. 
Space must also be allowed for footnotes, references, or any other matter 
which is to be included in the table. 

When tables are drawn by hand, and sometimes when they are set up 
in type, the columns and headings are separated by various ^ds of rul- 
ings. Custom varies in the use of rulings, but in all cases the major 
divisions are separated with heavier or double rulings, whereas the minor 
divisions are set off with Ught or single rulings. In many published tables, 
and in tables made with a typewrite;', spacing is done in such a way that 
vortical ruling is unnecessary (see Exhibit 12) . Wide spaces take the place 

heavy rulings and narrow spaces are used instead of the light rulings; 
that is, related columns are placed closer together than those where the 
rdation is not so close. 

The reading of a table is often facilitated by grouping the items in the 
'Stub by 5*8 or lO’s. When months are included in the stub, similar 
divuBOns are made on a baas of 6’s and 3’s. This grouping is illustrated 
in Exhibits 11 arid 12. 
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Arrangement of Items. — In all tables, the captions and stub items 
should be arranged in some systematic order. This not only makes the 
table easier to read, but it allows the more important items to be 
emphasized. 

Ordinarily a larger number of items will be placed in the stub than in 
the captions, as it is more convenient to place a greater number of words or 


Foreion Trade op the United States 
Imports and Exports — 1928-1937 
(In millions of dollars) 


Year 

Imports 

Exports 

Total 

1928 

4,091 

5,128 

9,219 

1929 

4,399 

5,241 

9,640 

1930 

3,061 

3,843 

6,904 

1931 

2,091 

2,424 

4,515 

1932 

1,323 

1,611 

2,934 

1933 

1,450 

1,675 

3,125 

1934 

1,655 

2,133 

3,788 

1935 

2,047 

2,283 

4,330 

1936 

2,423 

2,456 

4,879 

1937 

3,084 

3,345 

1 

6,429 


A , — Ordinarily this is a much hotter arrangement than that in Part 


Foreign Trade op the United States 
Imports and Exports — 1928-1937 
(In millions of dollars) 



1928 

1929 

1930 

1931 


1933 


1935 

1936 

1937 

Imports 


4,399 


2,091 

1,323 




2,423 


Exports 

5,128 

5,241 

3,843 

2,424 

1,611 

1,675 

2,133 

2,283 

2,456 

3,345 

Total 

9,219 



4,515 

1 

2,934 

3,125 

3,788 


4,879 

6,429 


B . — Usually a poor arrangement. 


Exhibi ' 13. — Illustrations of table arrangement. 

figures in a vertical column than in a horizontal row (see Exhibit 13). 
Numbers which are to be compared over a period should be arranged, 
when possible, so that the principal comparison can be made by following 
the figures up or down the vertical column rather than along the hori- 
zontal row. When columns are to be compared, they should be arranged, 
as far as possible, so that the principal comparisons can be made between 
adjacent columns. 

Totals of columns are commonly placed at the bottoms of the columns, 
and totals of rows are commonly placed in the column- on the extreme 
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light, but sometimes; fdr emphasis, totals are placed at the tops of the 
coli;imns and in the first column on the left.^ In many tables, the totals 
serve primarily as checks, and in such cases should be placed in the cus- 
tomary positions at the bottom and on the right. 

It is often impossible or undesirable to include the classifications 
foi: which there are only relatively small numbers of items. In such 
instances, these few and scattered items are usually thrown together in a 
‘‘Miscellaneous” group. The proper position for the miscellaneous 
group is ordinarily in the last column or in the bottom row, or just pre- 
ceding the totals if they are on the right or at the bottom. 

The principal bases for arranging items are alphabetical, chronological, 
geographical, order of size, order of causal relationship, order of interest, 
according to custom, and according to the desired emphasis. 

The alphabetical order refers to the arrangement according to the 
alphabet, which is very common in general-purpose or reference tables. 

The chronological order is of particular value in presenting historical 
data. The chronological arrangement ordinarily proceeds over the 
period from top to bottom or from left to right. Sometimes, however, 
this order is reversed for purposes of emphasis. 

The geographical arrangement is used when data are presented by 
certain territorial units, such as countries, states, counties, and sales 
districts. In this arrangement some one unit is selected as a starting 
point and the others are arranged according to their physical nearness to 
one another. 

The order of size is commonly used as a basis for arranging items 
according to their importance. The arrangement may be in ascending or 
descending order, but usually the large items will be placed in the top row 
or in the first column. 

Some items may be arranged according to causal relationship. In 
tables which are set up primarily for purposes of analysis, this is often 
the best arrangement. In such a table, the items will be grouped so that 
the required comparisons can be made much more readily than if they 
were arranged according to any one of the other orders. 

Another basis for arranging items is according to the order of interest. 
Under such a plan the most important items are placed at the top of the 
table and in the first column on the left. 

In some instances, the order in which it is customary to mention items is 
the basis for their arrangement in a table. For example, it is customary to 
arrange the classifications men, women, and children in the order named. 

In special-purpose tables the matter of emphasis is of primary impor- 
tance. Sometimes certain items are placed at the top of a table and in 

^ The United States Census Bureau has adopted the practice of placing the totals 
at the tops of the columns and m the first column on the left. 
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the first column of data in order to emphasize them. When an item or 
point cannot be satisfactorily emphasized on the basis of arrangement, 
it may be desirable to emphasize it by underlining or by using bolder type. 

Footnotes and References. — When any irregularity occurs in a table, 
or when any explanation is not complete, it may be advisable to give a full 
explanation in a footnote. This provides a method for using a textual 
explanation for the purpose of clarification. A table ordinarily should 
be complete in itself and should not depend upon the accompanying text 
for any qualifications which would change the interpretation of the table 
itself if it were detached. 

Reference to the source is often desirable, especially in tables of 
secondary data. This reference, when given, should be complete so 
that if the user wishes to check the data with the original source or add 
later data from the same source, he will have complete instructions as to 
where to look for the information. Since this is merely a reference, it 
should be inconspicuous, and it should be placed where it will not interfere 
with the other uses that are to be made of the table. In published tables, 
it should be set in small type. A common position for this reference is at 
the top of the table, as illustrated in Exhibit 11, or in the lower left corner 
of the table. 

On working tables, it is especially important that the names of the 
compilers and checkers, with the dates of their work, be included for 
reference purposes (see Exhibit 14). 

Requisites of a Good Table. — Although the varying purposes on 
tabular presentation prevent a complete standardization, the following 
general requisites of a table are commonly recognized.^ 

1. A table should be complete within itself, containing all of the explanations 
necessary to make the meaning of the items perfectly clear. 

2. A table should be a logical unit, containing only data which are closely related 
to each other. 

3. The items in the captions and stubs should be arranged in such a way that a 
general-purpose table v'Hl be most convenient and a special-purpose table will secure 
the desired emphasis. 

4. A title should be included which is clear and concise. If necessary, a subtitle 
should be included. 

6. Captions and stub items should be brief, unambiguous, and scdf-explanatory, 
footnotes being added, when desirable, to make them clear. 

6. Relationships between the column and row headings should be indicated by 
the arrangement or boxing in the captions, and by grouping and indentation in the 
stub. 

7. Variations in column widths, interlinear and intercolumnar spacings, widths 
of lines, and faces of types (bold face, italics, etc.) should be employed to facilitates the 
use of the table. 

1 See Edmund B. Day, “Statistical Analysis,” p. 404, The Macmillan Company, 
New York, 1925. 
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8. When it is desired to facilitate reference to specific parts of a table, columns 
and rows should be lettered or numbered. 

9. Units should always be carefully and completely stated, such as price in 
dollars,*’ or weight in pounds.” 

10. Sources of the data and responsibility for the table should be included when 
desirable. 

Accuracy in Tabulation. — Since any error in a table may cause one to 
doubt the accuracy of the work as a whole, it is very important to see that 
a table is accurate. The data should be carefully checked to make certain 
that the original entries have been made correctly. When this has been 
done, the table itself should be checked to see that the totals are correct. 
In tables which have both vertical and horizontal totals, it will be noted 
that the horizontal total of the totals of the columns and the vertical 
total of the totals of the rows will be the same (see Exhibit 11). 

It is extremely important that tables of data be carefully checked 
whenever data are transferred from one record to another. Ordinarily, 
the best method of checking such work is to have one person read aloud 
the original table while another person reads (silently) the new copy. 
When an experienced person and an inexperienced person work together, 
it is usually best to have the inexperienced person read the original data, 
and the experienced person follow the new copy. In this way, the 
experienced person will check any mistakes made by the inexperienced 
person in reading, for the chances are that an error made in reading 
will not also appear in the copy. It is very important in this connection 
that the one who reads the original copy be someone other than the one 
who copied the figures, for the person who copied the figures is more 
likely to repeat a mistake when reading the original data. 

If the process of checking is to be both accurate and rapid, the method 
of reading is important. When the words ‘‘millions,'' “thousands," 
“hundreds," etc., are read, considerable time is taken, not only in read- 
ing these words, but also in following, especially if there are several, 
zeros in the numbers. One efficient method of reading figures which 
enables one to follow easily what is read, is simply to read the digits, from 
left to right, pausing at the commas, and saying “point" at the decimal 
points. That is, the figure 796,032,090.2 would be read “seven nine six " 
(pause), “oh three two" (pause), “oh nine oh point two." 

In tables which show a complete percentage distribution, the percent- 
ages should be added together to see if their sum is 100. If the fractions 
in such a percentage distribution prevent the sum from equaling 100, 
it is often well to adjust these fractions so that the sum equals exactly 100. 

Use of Coordinate Paper in Tabulation. — When compiling secondary 
data or when setting up the first draft of a table of primary data, coordi- 
nate paper is convenient in lining up* rows and columns and in counting 
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out spaces (see Exhibit 14). Ordinarily, the figures should be placed 
one in a space. In this way, it is easy to keep the figures in line, which 
greatly facilitates computation and transcription. It is not necessary 
to place the letters of the caption one in a space. If the tables are to 
be copied on the typewriter, coordinate paper can be used which bears a 
convenient relation to the spacing on the typewriter. For instance, 
if coordinate paper which is ruled six lines to the inch is used, it is a great 



Exhibit 14. — Use of coordinate paper in making working tables. It is especially 
important that the names (or initials) of compilers and checkers, with the dates of their 
work, be included on the working tables. (Full size, 8J X 11 inches.) 

convenience to the typist when copying tables on a typewriter with 
elite type, which has twelve letters to the inch. 

Examples of Other Tables,— The illustrations of tables which have 
been used in this chapter represent the simpler types. Examples of the 
more intricate forms will be given later in this text, and their use will be 
illustrated in connection with the various presentations and analyses 
under consideration. 

Questions and Problems 

1, What is meant by the ‘‘classification" of data? 

2. Explain the principal steps that should be covered in a plan for tabulating the 
data of a statistical survey. 
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8. Describe hand tabulating methods, using a residential occupancy survey as an 
example. 

4. In what kind of statistical work does mechanical tabulation have advantages 
over hand-tabulation methods? In what kind are hand methods best? 

6. Explain coding and illustrate its use. 

6. Describe the purpose of the key punch, the sorter, and the tabulating machine. 

7. Describe the^ process of sorting figures in sequence, using 3 digit figures as an 
example. 

8. Distinguish between general- and special-purpose tables. 

9. What is the purpose of the title of a table? What requirements must be met 
in presenting the title as regards length, wording, prominence and emphasis, position 
and arrangement? 

' 10. Define “caption,” “unit of measurement,” “stubs,” and “rows.” 

11. State where totals of columns and rows may be placed and give reasons for so 
doing. How should columns be ruled or spaced? 

12. Explain the principal bases for arranging the items in a table. 

18. Describe three methods of obtaining emphasis in a special-purpose table. 

14. What are the requisites of a good table? 

16. How should a table be checked for accuracy? 

16. Discuss the use of coordinate paper in tabulation. 

17. Follow carefully instructions given on pages 63 to 71 (particularly the 
requisites of a good table) and observe the special instructions given at the end of this 
problem. Tabulate the data given in the following paragraph upon coordinate paper 
(see Exhibit 14) : 

In 1935, the Johnstown Manufacturing Company employed 400 non-union and 
1260 union employees. Of these, 220 were females of which 140 were non-union. In 
1936, the number of union employees increased to 1,475 of which 1,300 were males. 
Of the 250 non-union employees 200 were males. In 1937, 1,700 employees were union 
members and 60 were non-union. Of all employees in 1937, 260 were females of which 
240 were \mion members. 

Use coordinate paper that is ruled six spaces to the inch. 

Place one figure in a square. (Use pencil.) 

Prepare a title that is simple and clear. 

Print all titles and other lettering carefully and correctly. (See page 668 for letter 
forms.) 

All lettering should read horizontally if possible. (When impossible to letter 
horizontally, the lettering should read from bottom to top — ^never from top to bottom.) 

Be sure to designate units. 

Give reference or soUf^se. 

Check for accuracy: 

Place your name in the lower right-hand comer and the date in the lower left-hand 
comer. 

18. Present the following in the form of a table. (Your work will be judged on 
the basis of the number of desirable features of tabulation which you have incorpo- 
ratisd.) See instructions at the beginning and end of Problem 17. 

The total number of employees hired by the Allen Manufacturing Company during 
1937 may be summarized by marital status of native and foreign males and females as 

American males, married 72. 

' Anmrickn males, sin^e 94. 

^ Amarioim males, marital status unknown 8. 

‘ AmsMeiui temkies, mani6d 81. - 
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American females, single 47. 

American females, marital status unknown 7. 

Of the foreign males, 73 were married, 104 were single, and 11 were of unknown 
marital status. Of the 153 foreign females, 97 were married, and 44 were single and 
the rest were of unknown marital status. 

19. (The purpose of this problem is to illustrate the value of systematic arrange- 
ment and organization of data.) Make two retabulations of the data shown in the 
table below giving particular attention to the requirements listed on pages 69 and 70. 


Cargo Tonnage of Water-borne Exports in the Ten Leading Trade Regions 

OP the World (1935) 

(Long tons) 


United Kingdom 

North Atlantic and Baltic 

Europe 

Ila rc-Hamburg Range 

South Atlantic Europe 

West Mediterranean 


3,943,832 

West India 

1,747,240 


East Coast South America . 

1,340,221 

1,306,335 

Australia & Antarctic 

985,038 

4,762,081 

East Asia 

7,313,824 

948,105 

Canada 

10,265,121 

2,390,716 

Total 

35,002,513 


Source: StcUietical Abstract of the Un^ed SiaieSt 1936. 


20. See instructions at beginning and end of Problem 17. Tabulate the total 
population figures from the following paragraph for all the census years from 1850 
to 1930 and show the 10-year increases. 

According to the United States Census, the population of the continental United 
States in 1930 was 122,775,046 persons. This is roughly five times the population of 
1850 which was 23,191,876, and roughly twice as great as the figure for 1890, which 
was 62,947,714. The rate of growth shows a steadily decreasing tendency. The 
increase shown for 1860 over 1850 was 8,251,445, and for the next 10 years the increase 
was 7,115,050. By 1880, the total population figure had increased to 50,155,783, 
which was more than twice as great as the figure for 1850, 30 years earlier. The 
increase shown in 1890 over 1880 was 12,791,931, and by 1900 the total population 
figure had reached 75,994,575, which was roughly three times as great as the figure 
for 1850. While the 1850 figure was more than doubled in the 30 years that followed, 
the 1880 figure had increased at the end of the next 30-year period (1910) to only 
91,972,266, and did not approximately double until the end of a 40-ycar period when 
the figure reached 105,7? 0,620 in the year 1920. In comparing either the rate of 
amount of increase in 1930 with that shown for the decade 1910-1920, proper allowance 
should be made for the fact that the period between the censuses of 1910 and 1920 was 
less than a full decade, and that between the 1920 and 1930 censuses was more than a 
full decade. 

21. See instructions at beginning and end of Problem 17. Arrange the data below 

in the form of a table showing the value of raw materials, the value added by manu- 
facture, and the total value of products manufactured. Arrange the stub items 
according to the order of importance, of total value of products manufactured. Com- 
pute any missing items. * 

According to the Biennial Census of Manufactures^ 1933, published by the United 
States Bureau of the Census, the most important major class of manufacturing indus- 
tries in 1933 was that of making food products. The total value of the group of prod- 
ucts was 26,604,036,429. The value of the raw materials qf this.elass of products 
was $4,210,015,149, which is a relatively high proportion of the^total as compared with 
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other groups. A very important claira from the viewpoint of the value added by manu- 
facture was that of publishing and allied products where, out of a total of $1,733,437,- 
479, $1,355,592,802 was the value added by manufacture. This group was followed 
closely in the same respect by the machinery group where $789,239,157 went for raw 
materials and $1,280,179,766 went for manufacturing costs, giving a total value to the 
products of the group of $2,069,418,923. The second largest group from the point of 
view of value added by manufacture was the textile industry. Here $2,278,069,713 
was the value added by manufacture. The total value of this group was $4,811,237,- 
757. The Iron and Steel industry was a very important group from the viewpoint 
of the cost of raw materials. Raw materials in this industry totalled $1,400,829,861. 
Here only $1,062,170,982 was added by manufacture to give a total value of 
$2,463,000,843. Transportation equipment closely followed iron and steel for the 
cost of raw materials. Here a total value of $2,058,195,466 was made up of $1,292,- 
289,578 cost of raw materials and $765,905,888 value added by manufacture. This 
was closely followed by petroleum and coal products where raw materials cost $1,285,- 
560,676 and the value added by manufacture was $585,933,159. In 1933 the rubber- 
products industry had fallen to the smallest major group with a total value of $472,- 
743,587, of which $211,396,716 consisted of the cost of raw materials and $261,346,871 
was the value added by manufacture. This is probably explained by the decreased 
production of new automobiles. Closely approaching the rubber-products industry 
and reflecting the failure of the railroads to maintain their equipment in first class 
condition is the railroad repair shops group where $191,845,201 cost of raw materials 
and $314,186,631 value added by manufacture gave a total value of> $506,031,832. 
The chemical- and allied-products group did not decrease as much proportionally 
during the years 1929-1933 as did most of the groups. Here a total value of $2,117,- 
513,188 compares with a total value for 1929 of $3,702,672,063. Of the 1933 total, 
$968,472,553 went for raw materials. Quite the reverse is true in the stone, clay, and 
glass products group where a total value in 1929 of $1,561,414,590 fell to $608,699,486 
for 1933. Of the 1933 total, $212,154,614 was the cost of raw materials and $396,544,- 
872 was the value added by manufacture. In the forest products group, of a total 
value of $1,127,404,693, $509,181,862 or less than one-half went for the cost of raw 
materials. In the paper and allied products group $654,646,541 went for the cost of 
raw materials out of a total value of $1,172,742,984, leaving $518,096,443 as the value 
added by manufacture. Another group still of major importance is that of leather 
and leather products. Here a total value of $996,772,988 consisted of $544,737,292 
cost of raw materials and $452,035,696 value added by manufacture. In 1933 the 
non-ferrous metals group accounted for a total value of $1,068,753,411, of which $427,- 
626,848 was added by manufacture. In addition to the manufactures covered by 
the preceding groups, there was a miscellaneous group amounting to $1,677,357,437. 
Of this total $998,313,583 was cost of raw materials and $679,043,854 was value added 
by manufacture. The total value of products of the 16 groups was $31,358,840,338. 
Of this amount the value of raw materials was $16,820,821,977 and the value added by 
manufacture was $14,538,018,361. 

22 . (This problem is continued from Question 14 on page 33.) Edit the schedules 
filled out in Question 14 on page.33, compile the data and compute percentages which 
wOl show the proportions vacant, occupied, and under construction by classes of 
residences. Arrange these data in the form of tables. Check very carefully for 
accuracy. Write a one-page explanation and interpretation of the principal points 
shown by the data.^ 


^ See footnote on p, 33. 



TABULATION 


75 


23 . (This problem is continued from Question 15 on page 33.) Edit the schedules 
in Question 15 on page 33, compile the numerical information, and prepare per- 
centage tables to assist in the interpretation. Both the numerical and percentage 
figures should be set up in the form of tables. Carefully check for accuracy. Write a 
one-page report explaining and interpreting the tables.^ 

24 . Assuming that you are to use l.B.M. or Powers tabulating equipment in 
making a survey similar to that referred to in Problem 22 on the preceding page, pre- 
pare the following; 

1. A detailed plan for making the survey. 

2. A set of blank tables indicating the data required. 

3. A field schedule. 

4. A punch card. 

5. Instructions for coding (or punching if coding is not necessary). 

6. Instructions for tabulating. 

7. Instructions for preparing and presenting final tables. 

26. Assuming that you are to use l.B.M or Powers tabulating equipment iv 
making a survey similar to that referred to in Problem 23, prepare the items listed 
in Problem 24 above. 


^ See footnote on p. 33. 



CHAPTER V 
GRAPHIC METHODS 

The cold facts of business experience which are used as the bases for 
new actions are commonly presented on the printed page, but such pages 
of cold figures as a balance sheet or a census report speak in clear tones 
only to the expert who has the time to read them with care. For the 
ordinary business man, or even for the busy expert, the typed page should 
have its supplemental language — ^the language of graphics. 

The distinction between the language of graphics and the methods of 
statistics is as well marked as that between the mere ability to read and 
write, and the special skill of a trained journalist. And just as the ulti- 
mate star reporter must begin his career by learning the alphabet, the 
vocabulary, and the grammar of the language in which he is to write, so 
also should the beginner in statistics, and, in many cases, the trained or 
naturally gifted statistician, study the alphabet and grammar of graphics 
as a thing apart from statistical technique.^ 

Necessity for Clear Presentation. — When business data have been 
collected and tabulated, it is often difficult to appreciate their interrela- 
tions; or if the data have been carefully studied, it may be almost impossi- 
ble to show another person that the conclusions reached are correct and 
sound. It often happens in a meeting of a committee or board of 
directors that a sound and carefully prepared plan is rejected simply 
because the facts presented are not clear. Though it is very important 
to have accurate and significant data, one cannot get the most valuable 
results unless the methods of presentation are effective. 

Use in Analysis. — One of the greatest values of the graphic chart is 
its use in the analysis of a problem. Ordinarily, the chart brings up 
many questions which require careful consideration and further research 
before a satisfactory conclusion can be reached. A properly drawn chart 
gives a cross-section picture of the situation. While charts may bring 
out. hidden facts in tables or masses of data, they cannot take the place 
of careful, analysis. In fact, charts may be dangerous devices when in 
the hands of those unwilling to base their interpretations upon careful 

^The two introductory paragraphs of this chapter are abstracted from M. C. 
Rorty’s Introduction to John R Riggleman, ** Graphic Methods for Presenting 
Businte Statistics,” 2d ed , pp. Hi-xiii, McGraw-Hill Book Company, Inc., New 
Voik, im 
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study. This, however, does not detract from their value when they are 
properly used as aids in solving statistical problems. 

Importance of Graphic Methods. — Engineers and technical men have 
long realized the importance of graphic methods, and more recently 
their value has been recognized by business men. Graphic chart s 
have often been thought to be tools of those alone who are highly skilled 
in mathematics, but one needs to have a knowledge of only eighth-grade 
arithmetic to use intelligentl y even the logarithmic or ratio chart, w hi^ 
is considered so diffic ult by those unfamiliar withj t. 

In many business organizations at the present time, the executives 
and managers value their charts as highly as engineers value their draw- 
ings. When daily reports are presented in graphic form for comparison, 
one can see at a glance the state of affairs in the business. What the 
executive desires is the presentation of statistical material in a form that 
will permit him to grasp easily and quickly the essential points, and 
graphic charts are a means to this end. 

If graphic methods are to be most effective, those who are unfamiliar 
with charts must give some attention to their fundamental structure. 
Even simple charts may be misinterpreted unless they are thoroughly 
understood. For instance, one is not likely to read an arithmetic chart 
correctly unless he also appreciates the significance of a logarithmic 
chart. 

Graphic methods are used for presenting all kinds of statistical data. 
They may be used extensively by a well-developed statistical department, 
or to a limited extent where a few important facts are recorded by a clerk. 
There is almost no limit to the use of charts in analyzing the conditions 
within a firm and in making comparisons with outside conditions. Many 
such uses will be suggested to the reader throughout this text. 

Drawing and Lettering. — knowledge of the actual drawing of 
statistical charts is an advantage to all students of business statistics 
because it gives valuable training in quick and accurate reading of data 
presented in the graphic language. 

In the selection of drawing equipment, one should secure the best 
that can be afforded, for success in charting depends to a considerable 
extent upon the quality of the instruments and materials used. 

For rough work or in making preliminary studies, charts may often 
be made on coordinate paper without the use of special equipment, but 
for the better class of work the chart must be drawn on plain, white 
paper (using drawing equipment). 

As far as appearance is concerned, there is no part of the drawing 
more important than the lettering. A good drawing may be rqined, 
not only in appearance, but also in effect, by poor or careless lettering, 
as any evidence of carelessness or lack of skill tends to destroy confidence 
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in the work. Almost any consistent style of plain, neat lettering is 
acceptable in the ordinary course of chart work. Ornate lettering is 
not appropriate for business charts. 

For the use of those who wish to study the mechanical part of chart 
making, an appendix on the technique of drawing and lettering is included 
at the end of this book (pages 659 to 670).^ 

Planning the Chart. — ^There are several requirements, common to all 
of the ;different types of charts, which must be considered before work is 
begun on any particular chart. One of the most important of these is 
to decide dc^tely upon the purpose of the chart. Other requirements 
are to decide upon the type of chart to be used, its size, proportions, form, 
and the preliminary if not the final title. 

In planning the construction of charts, the reader’s point of view 
must always be kept in mind. When there is a question as to which of 
several methods should be used, the method should be chosen that will 
enable the reader to grasp the essential points the most easily and clearly. 
The size of the chart should be determined by considering its convenience 
in handling and ease of reading.^ 

Use of Printed Forms. — ^Various kinds of ready-ruled coordinate 
paper can be used in chart making, but for many business graphs it is 
easiei; to rule a special form to fit the problem than it is to fit the problem 
to a ready-ruled form. This coordinate paper, however, is convenient 
for working charts and other rough forms of presentation although it 
is rarely suitable for work requiring a finished appearance such as that 
prepared for publication. * Some common forms of coordinate paper used 
in making working charts are illustrated in Exhibit 15. 

The principles of charting described in this discussion are applied 
for the most part to finished drawings prepared for publication. It 
should be appreciated that for every chart prepared for publication in a 
research project, there are many that are used as working charts upon 
which it would not be practical to do the amount of work required to 
make finished drawings. The principles, however, are applied to the 
more finished work in this discussion for the reason that if one under- 
stands the principles involved in the finished drawings, it is easy to modify 
them for working-chart purposes. 


* For a more complete ^Uecussion, see John R. Riggleman, "Qraphic Methods for 
Presenting Business Statistics ” 2d ed., pp. 217-244, McGraw-Hill Book Company, 
Inc., New York, 1936. 

* Usually a chart which is drawn for publication is made somewhat larger than the 
mproduo^n. Tito reduction tenets to eliminate minor irregularities, and gives the 
chart a much.mbre finished appearance than is possible when charts are reproduced in 
•iliC"e9(aei*'^iB the drii^nal. ' 



GRAPHIC METHODS 


79 


Accuracy in Charting. — In charting business statistics, a reasonable 
degree of accuracy is, of course, necessary, but the problem differs from 
that of plotting technical data where measurements are made from the 
charts with finely graduated instruments. If the chart is accurate to 
the degree that visual comparisons will not be impaired, it is accurate 



Exhibit 16. — Coordinate paper for making working drawing and preliminary sketohea in 
business charting. (Courtesy, EducoHondl Exhibition CompnnyJ) 


enough for most practical purposes. Care should be taken, however, 
that the chart be accurate to this degree. 

The Title. — ^Titles have been placed in various positions on business 
charts in the past, but at present the weight of authority agrees in placing 
the title at the top of the chart as illustrated in Exhibit 16. This is 
convenient and natural from the viewpoint of the business man, since 
his bills, tables, books, accounts, schedules, and other forms are com- 
monly labeled at the top. The title lettering should be the largest tod 
most prominent on the chart. 
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The title is one of the most important parts of a business chart, espe- 
cially if it is prepared for publication. It should give the reader the sub- 
ject of the chart clearly and completely. This point is often overlooked, 
and, though the chart may be clear in its other parts, it may not be read 
at all unless the title is complete and clear. All of the requirements that 
were given for titles to tables on pages 63 to 65 apply also to titles on 
charts. 

The titles of working charts, like the titles of working tables, need 
not be so carefully worked out, but they should be complete and clear. 
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Exhibit 16. — ^The correct position for the title is at the top of the chart. 


All that was said regarding the value of having the date upon a working 
table is of equal importance in connection with working charts. The 
importance of requiring that the date of preparation be placed upon all 
working charts cannot be too strongly emphasized; it is often the principal 
means of determining the relation of one piece of work to another. The 
source of the charts, i.e,, the department, company, etc., and at least the 
initials of the compiler or compilers should also ordinarily be shown. 

General Appearance and Proportions. — Confidence in a chart is much 
greater if it is neat and accurate rather than slovenly in appearance. 
The chart must be well proportioned, it must not be crowded, and ample 
margins must be left. It is of .utmost importance in securing an appear- 
ance of high quality to. have, the title and all other lettering done neatly 
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and carefully. Usually a border line should be drawn around the chart 
to give it a finished appearance. 

Kinds of Charts Considered. — In this discussion of graphic methods 
(Chapters V and VI), the following basic kinds of charts will be 
considered: 

1. Simple comparisons of size. (Size only.) 

2. Arithmetic time curves. (Sizes compared over a period.) 

3. Logarithmic time curves. (Rate of change over a period.) 

In number 1 above, one size is compared with another, but not in 
relation to any other variable. That is, we may compare the height of 
the Empire State Building with the height of the Eiffel Tower. We are 
not concerned with their relation to a period of time, with their geographic 
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Exhibit 17. — Use of different geometric forms in comparing sizes (sales). A, Lines 
(or bars) are easy to compare. B. Areas are difficult to compare. C. Volumes are very 
difficult to compare. 


distribution, or with their relation to any other variable. We are simply 
comparing heights (or sizes). 

The arithmetic time curve (number 2 in the above list) compares sizes 
over a period of time. Thus, we may consider the size of automobile 
production by months. 

In number 3 (logarithmic time curves) not size, but rate of change 
(over a time period) is considered. Such a curve would show, for 
instance, how rapidly a city's population is growing. 

The form and use of three ottter kinds of charts (frequency graphs, 
correlation charts, and statistical maps) will be illustrated from time to 
time throughout the text. The methods of constructing them will not 
be described, however, as they will be fairly obvious after studying the 
construction of the first three kinds listed above. 

Simple Comparisons of Size. — ^The most simple type of graphic chart 
is that comparing magnitudes where the sizes do not vary in relation to 
any other variable — that is, there is no consideration of time variations, 
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geographic distributions, or other variables. We may wish to compare, 
for instance, simply the size of the Queen Mary with the size of the 
Normandie. Such comparisons are commonly made by using certain 
g^metric forms (lines, squares, rectangles, cubes, etc.) which vary 
in their sizes in proportion to the different magnitudes represented. 

The first step in making a simple chart is to select the geometric 
form which is to be used. The form selected must be easy to understand 
and it must give a correct impression. These are the two fundamental 
reqturements which must be recognized in selecting a geometric form 
for use in graphic presentation. 

It is always easier to compare the sizes of forms which vary in one 
dimension than it is to compare those which vary in two or three dimen- 
sions. In other words, it is much easier to compare the lengths of lines 
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Exhibit 18. — A, Circles with diameters proportional to numbers. B, Circles with areas 

proportional to numbers. 


or bars than it is to compare areas and especially volumes. I’hese three 
forms are illustrated in Exhibit 17, and the difficulties involved in 
comparing areas and volumes will be readily appreciated by reference to 
this illustration. 

Occasionally circles are used to represent size, but it is difficult to 
compare them, and they should not be used when it is possible to use 
bars. When it is necessary to use circles, as in making certain kinds of 
statistical maps, they should be compared on an area basis, rather than 
on a diameter basis, as the diameter basis is very misleading (see Exhibit 
18). 

Pictorial Forms. — ^The principles just discussed in connection with 
simple lines, areas, and volumes must be kept in mind when using 
pictorial forms. Many pictorial charts are incorrectly drawn. Suppose, 
for instance, that figures of persons are used to represent the populations 
of New York and Chicago, and that they are so drawn that the heights 
of the persons are proportional to the numbers represented. Such a chart 
would be supposed to show that New York is roughly twice as large as 
Chicago, while, as a matter of fact, the effect would be that New York 
is much more than twice as large. Charts of this kind \isually give 
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false impressions, as the reader tends to compare the figures of persons 
on a volume basis, which greatly exaggerates the actual differences in 
the numbers represented. If it is desired to use figures of persons in 
popular presentations of this type, it is far better to represent numbers, 
not by the heights of persons, but by rows of persons of the same size, 
evenly spaced, with the lengths of the rows proportional to the numbers 
represented, as in Exhibit 19. Then the comparison would be made upon 
the basis discussed in connection with Part A of Exhibit 17. 



Exhibit 19. — Simple pictorial statistical chart. 


There are many figures that can be used in popular presentations 
which may be made to vary in only one dimension without disproportion- 
ing the figures, as is the case when varying only the heights, of persons. 
For instance, illustrations of office buildings, in which height would be 
the only dimension changed, could be used to make comparisons in 
accordance with the principle discussed in connection with Exhibit 17. ‘ 
Horizontal- and Vertical-bar Charts. — The most common method of 
representing simple comparisons of size graphically is by some form of 
har chart. When using the bar chart in presenting several items for 
careful analysis, the chart must include certain details, such as a properly 
constructed scale, explanation of units used, background of guide lines, 
and title. 


' See John R. Riggleman, ** Graphic Methods for Presenting Business Statistics,” 
2d ed., pp. 14-25, for further discussion of oictorial charts. 
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In making simple comparisons of size, there is no particular rule for 
choosing between horizontal and vertical bars, except that those should 
be used whicn will enable the reader to understand the chart the most 
readily.^ 

In cases where the things represented vary naturally in either a 
horizontal or vertical direction, the bars are usually made to vary in the 
same direction. Convenience in reading the lettering is another point 
that must be considered when choosing between horizontal and vertical 
bars. It is easier to read the lettering in Exhibit 20, for instance, if it is 
lettered horizontally, than it would be if it were lettered vertically (see 
also Exhibit 25). For this reason, many statisticians prefer to use the 
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Exhibit 20. — horizontal-bar chart. 

horizontal-bar chart when making simple comparisons of the type illus- 
trated in these Exhibits. 

Bar-chart Scales and Bar Designations. — Except in cases of rough 
comparisons or popular presentations, it is important to include a scale 
on a bar chart. A scale enables one to read the chart much more easily 
and accurately than when it is not used. It is a fundamental rule in 
making bar charts which show the ordinary comparisons of size that the 
scale begin with zero (Exhibits 20 and 21). This rule is sometimes broken 
by those who are inexperienced, and the values are inaccurately represent- 
ed. Note that in Exhibit 21 copper is about twice as large as silver. If, 
for instance, the scale began with 10 instead of 0 (Exhibit 22), the bar 

^ It should be clearly understood that this statement applies only to simple cowr 
paHsons qf size. In showing Hme eenes, only vertical bars should be used (see pp. 96 
and 97). 
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for copper would be about ten times as long as the bar for silver, and 
the graphic impression would be very inaccurate. 

Scales should be laid out in round numbers of convenient intervals, 
such as 2's, 5's, or multiples of 10, or halves and quarters of 100 (25, 50, 
75, etc.). Too many numbers in the scale or too many guide lines in 
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Exhibit 21. — A vertical-bar chart (correctly drawn). 
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Exhibit 22. — Vertical-bar chart (incorrectly drawn, as scale is cut off). Compare with 

Exhibit 21. 


the background hinder rather than aid the reading of the chart. Only 
enough intervals should be recorded on the chart, and only enough guide 
lines should be drawn, to serve as an aid in making comparisons through 
visual inspection. More scale numbers than are shown in Exhibit 21, 
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for instance, would not aid in making comparisons, and they would make 
it much more difficult for the eye to carry a scale value across the chart. 

The scale on a horizontal-bar chart is commonly placed along the top 
just above the bars as in Exhibit 20. It may be placed along the bottom 
also, if it will add to the clearness of the chart. The scale of Exhibit 20 
represents number of barrels, and this fact should be indicated as shown 
by the designation just above the scale (see also the word ‘‘dollars'' in 
Exhibit 23). If there is a scale below the chart, the designation of units 
would be shown just underneath the scale. 

The commonly accepted position for the scale of a vertical-bar 
chart is on the left and outside the background of guide lines (see Exhibit 
21). Each number should be exactly opposite the line which it represents 
(Exhibit 21). If it is desirable to have a scale on the right of the chart. 



Exhibit's. — P osition of scale>unit designa- 
tion on horisontal-bar charts. 


DOLLARS 



A B 

EaXHIbit 24.— Positions of scale-unit 
designations on vertical-bar charts. A. 
Best practice for business charts. B, Also 
correct, but not so easy as A for the busi- 
ness man to read. 


one may be placed there in addition to the one on the left, but the left 
scale should in no case be omitted. 

The units represented by the scale should be indicated clearly as 
shown in Exhibit 24. The preferred method is the one shown in Part 
A (Exhibit 24) which shows the scale designation lettered horizontally 
at the top of the column of figures. Another common practice, lettering 
the designation vertically along the scale, is illustrated in Part B, Exhibit 
24. This is not incorrect but it is more difficult for the business man to 
read. 

Expressions such as “one inch equals $100” should not be used on 
statistical charts. The scale on the graph is much more convenient and 
^ves all the aid necessary in measuring the different bars. Furthermore, 
if the chart is enlarged or reduced by photographic reproduction processes, 
a scale laid out on the graph is also enlarged or reduced in direct 
proportion. 

Oh charts for careful reading, it usually is Best to include a background 
of guide .Unes which assist in compming the bars in reading from the 
teale. As previously mentioned, too many lines should not be included. 
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as it is difficult for the eye to follow them across the chart if they are 
close topther. As guide lines should appear to be behind the bars, they 
should be drawn between (not through) the bars when shaded, colored, 
or outlined bars are used (see shaded bars in Exhibit 29 on page 90). 

Designations explaining what is represented by horizontal bars are 
placed on the left as illustrated in Exhibits 20 and 25. 
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Exhibit 25. — Showing loss and gain with horizontal bars. 


Designations explaining what vertical bars represent usually are 
placed underneath the bars as shown in Exhibits 21 and 26. Words 
should be divided if they are too long for the spaces allowed, and they 
should be lined up with reference to the zero line as shown. 

Presenting Gains and Losses. — ^When it is desirable to show decreases 
or losses along with increases or gains, they may be shown by means of a 
horizontal-bar chart as illustrated in Exhibit 25, or a vcrtical-bar chart, 
as illustrated in Exhibit 26. In these charts, the horizontal bars indicate 
decreases when they extend to the left from the zero line, and the vertical 
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bars indicate losses when they extend downward from the zero line. 
Sometimes one sees such bars used to indicate positive data, but, as a 
rule, the practice of extending horizontal bars to the left of the zero line 
and vertical bars below the zero line should be reserved to show decreases, 
losses, and other negative items. 

Order of Items. — The items represented on any chart should always 
be arranged according to a systematic order. The most common order 
in size comparisons is the order of size, but it is often desirable to use 


NET EARNINGS OF THE 
FARNSWORTH- BALDWIN COMPANY 
BY BRANCHES, 1937 

THOUSANDS 
OF DOLLARS 



£]xhibit 26. — Showing loss and gain with vertical bars. 


another order, such as the alphabetical, the geographical, or the chron- 
ological. In any case, some systematic order should be used, for it 
increases the effectiveness of the chart. 

Tabulating Data on Charts. — When it is desirable that the numerical 
data represented be tabulated directly on the chart, they may be shown 
on horizontal-bar charts as indicated in Parts A and B of Exhibit 27, 
and on vertical-bar charts as indicated in Exhibit 28. Tabulations 
should be made in such a way that they will not interfere with the 
reading of the charts. In Part C, Exhibit 27, the figures have the effect 
of increasing the lengths of the bars, which results in a wrong impression 
of the relative values indicated. This principle applies to both horizontal 
and vertical bars. 

Comparing Groups. — ^Bar charts are often made to show, not only 
differences between the sizes of various individual items, but also to 
compare the differences between certain groups. Exhibit 29 on com- 
mercial failures makes a comparison of assets and liabilities in each 




GRAPHIC METHODS 


89 


HOME STORE S3l.46a92 
POSTVILLE BR. SI 1.267.65 
MILBURN BR. S ^921.32 
THORN R. BR. S 5.96^64 


THOUSANDS OF DOLLARS 



A. -VERY GOOD 


THOUSANDS OF DOLLARS 



THOUSANDS OF DOLLARS 
0 5 10 15 20 25 30 35 

HOME STORE 
POSTVILLE BR. 

MILBURN BR. 

THORN R. BR. 

C.-BAD 

Exhibit 27. — Tabulating data on horizontal-bar charts. 
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LEADING EXPORT MARKETS FDR AMERICAN 
MOTOR TRUCKS- 1937 

INCLUDING BUSSES AND CHASSIS BUT EXCLUDING ELECTRIC 
_ VALUE BY COUNTRIES 



Exhibit 28. — Tabulating data on vertical-bar charts. (Note that on charts like this one, 
the data should be lined up with reference to the zero line as shown.) 
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section, and a comparison of the differences within each pair of assets 
and liabilities by sections for the group as a whole. These differences 
can be easily seen and compared throughout the eight sections. Either 
vertical or horizontal bars may be used in making such comparisons. It 
is necessary to differentiate the bars within a pair or group by shading, and 
there should be more space between the groups than between the bars 
within the groups, in order that the groups will stand out distinctly. 

Necessity for Common Unit. — It is necessary to use a common unit 
in making all comparisons of size. It means nothing to make a chart 



comparing 10 dozen oranges and 50 pounds of prunes. The unit of 
measurement should be one which is common to both in this type of 
comparison. 

Comparison of Component Parts.^ — Up to this point, the discussion 
has considered comparisons of separate items and comparisons of differ- 
ences between groups of items. Another important problem in size 
comparisons is that of comparing the component parts of an aggregate — 
one with another or one with the whole. 

The method illustrated in Exhibit 30, commonly known as the ‘‘pie 
chart,” probably is most generally known because of its wide use in 
popular presentations. The pie chart permits a convenient arrangement 
of the designations of the different components, as well as the percentages 
and the actual values represented. The wording should be placed inside 
the sectors when there is sufficient room, and when possible it should be so 
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placed that it reads horizontally (see Exhibit 30). The wording should' 
never be placed in such a way that it reads radiating from the center, or 
following the circle, because of the difficulties and confusion in reading. 



Pie charts can often be made more effective by coloring or shading the 
sectors. The sectors of a pie chart should be arranged according to some 
systematic order. Usually they are arranged in order of size, and the 



Exhibit 31. — Comparison of aggregates showing component parts. A. Poor practice 
as sizes of circles are difficult to compare. B. A good method as it is easy to compare 
lengths of bars. 


most generally followed order is to arrange them from large to small in a 
clockwise order beginning at the top as in Exhibit 30. Of course, a sector 
representing a combination of several small items and designated as 
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“all others,” would be given last place, even if larger than some of the 
othw sectors. 

An excellent form for showing the component parts of a whole is 
the component bar (see Part B, Exhibit 31). Component bars may 


PERCENIAQE OF MINERS LIVING IN THEIR OWN HOMES 
SANOOW CCM. COMPANY 
JANUARY 1, 1938 

### 

MAPLE VALLEY MINE Na3 MINE NO.I CHERRY CREEK MINE N0.2 \MASHBURN 

m LIVING IN am HOMES 

[H LIVING IN RENTED OR BOARDING HOUSES 

Exhibit 32. — Use of pie charts in comparing the percentage distributions of the component 

parts in different aggregates. 

extend either vertically or horizontally, but that direction should be 
chosen which will make the chart easiest to read. When comparing 
different aggregates made up of component parts, the component bar 



PERCENTAGE OF MINERS LIVING IN THEIR OWN HOMES 
SANDOW COAL COMPANY 
JANUARY 1, 1938 


PER CENT 


MAPLE MKLLEY 
MINE NO 3 
MINE NO. I 
CHERRY CREEK 
MINE NO. 2 
WASHBURN 



LIVING IN OWN HOMES 

LIVING IN RENTED OR BOARDING HOUSES 


Exhibit 33. — Use of the bar chart in comparing the percentage distributions of the com- 
ponent parts of different aggregates. 


is. much more satisfactory than the pie chart (see Exhibit 31), because 
of the difficulty of comparing circular areas. In Part B, Exhibit 31, 
the component-bar chart is a very simple one; if a chart is more compli- 
^ted, scales should ordinarily be added. 
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In comparing different aggregates on the basis of the percentage 
distribution of their components, the pie chart and the bar chart are 
about equally effective. This is illustrated by Exhibits 32 and 33 in 
which the two different methods are used to present the same data. 

Checking List. — The following list includes the most important points 
to be observed in making the charts described in this chapter, and can 
be used when checking a chart to see if it is complete:* 

CHECKING LIST FOR SIMPLE SIZE CHARTS 

Did you check for accuracy? 

Is the title simple and clear? Did you place it at the top of the chart? 

If you have used shadings or colors to make any necessary distinctions, have you 
included a legend or key to the meanings of the shadings or colors? 

Have you placed a convenient scale and a background of lines upon the chart to 
aid in measuring sizes? 

Arc the faces of the bars free from these lines? 

Is the zero line heavy? 

Are the other scale lines light? 

Have you designated the scale units? 

Have you given the reference or source? 

Docs all lettering read horizontally? (When impossible to letter horizontally, 
lettering should read from bottom to toji — never from top to bottom.) 

Are your letters formed according to a commonly accepted style of plain lettering? 

Have you ruled in a border line? (Optional but advisable.) 

If desirable, have you included your name (lower right) and date (lower Jeft)? 

Are pencil lines erasc^l? 

Is the size of the chart appropriate for the purpose intended? 

Will your chart be clear to the reader? 

Questions and Problems 

1. Discuss the importance of graphic charts in business statistics. 

2. What are some of the limitations of graphic methods? 

3. How docs a neat and orderly appearance increase the value of a chart? 

4. What requirements must be considered in planning a chart? 

6. What are the disadvantages of using printed forms for graphic presentation? 
When is it advant.ig^'ous to use them? 

6. What degree uf accuracy is required in charting business statistics? 

7. State the requirements of the title of a chart as to position, prominence, and 
content. 

8. Discuss the use of geometric forms varying in one, two, and three dimensions 
in graphic presentation of statistics. 

9. How do the requirements of charts for publication differ from those used as 
working charts”? 

10. What factors should be taken into consideration in choosing between hori- 
zontal- and vertical-bar charts? 

11. Where should the scale be placed on a horizontal-bar chart? On a verticaUbar 
chart? How should the scale units be designated on a horizontal-bar chart scale? On 
a vertical-bar chart scale? 


^ A checking list for curve charts is given on p. 122. 
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12. Id oonnectioD with the arrangement of the scale, what should be done to make 
the chart easily readable? 

18. Where should the bar designations be placed on a horizontal-bar chart? On 
a vertical-bar chart? If figures are included, where should they be placed? 

14. Should the items of a chart be arranged in any definite order? Why? 

16. How can groups of items be compared by means of bars? 

16. Can 100 tons of coal and 150,000 worth of iron be shown in a simple comparison 
of size? Why? 

17. What is meant by the comparison of component parts? 

18. Describe two methods of presenting component parts. What requirements 
should be followed in the use of these methods? 

19. In making a simple chart, what are the requirements of the geometric form 
selected? In this connection, what precautions should be taken in using pictorial 
or popular presentations? 

20. Present as a horizontal- or vertical-bar chart: 


Estimated Cost of New Residential Building, June 1937 
Geographic division, Estimated cost 

New England $ 4,025,264 

Middle Atlantic 14 , 439 , 473 

East North Central 20 , 159 , 483 

West North Central 5 , 806 , 617 

South Atlantic 8 , 274 , 974 

East South Central 1 , 434 , 501 

West South Central 3 , 622 , 061 

Mountain 1 , 793 , 802 

Pacific 11,315,415 

Total 870,871,590 


Souret: Commercial and Financial Chronicle, July 31. 1037. p. 673. 

Check your work carefully according to the checking list on page 93. 

21. The cost of new residential building data for June 1937 given in problem 20 
expressed as a percentage change from June 1936 was; 


Geographic division 

New England 

Middle Atlantic 

East North Central. 
West North Central 

South Atlantic 

East South Central. 
West South Central. 

Mountain 

Pacific 


Percentftge change 
from June 1936 
.... +16.9 
.... -56.5 
.... +49.7 
. ... +57.4 
.... - 4.2 
.... +41.8 
. ... +21.9 
. ... +27.4 
. ... +24.9 


Present the percentage-change data given above on a horizontal-bar chart. 
Check your work carefully according to the checking list on page 93. 
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22. Present as a horizontal- or vertical-bar chart; 


Sales of the National Products Company 


By Branches 

New York $4,410,168 Detroit... 

Chicago 2,085,747 Cincinnati 

Los Angeles 975,358 Cleveland . 

Philadelphia 553,442 Seattle . . . 

Washington 448,828 Baltimore. 


Check your work carefully according to the checking list on page 93. 

23. Present as a component-bar or as a pie chart: 


$348,400 

233,464 

132,557 

130,356 

127,824 


The Palais Hoyal Department Store 
Distribution of a Dollar of Sales — 1937 

Per cent 


Cost of merchandise 72 

Operating expenses 24 

Profit 4 

Total 


24. Present as a component-bar or as a pie chart: 


Number of Business Failures in 1935 (United States) 


Group 

Number 

Total liabilities 
(thousands of dollars) 

Manufacturing 

2,842 

72,912 

Trading ' 

8,035 

95,318 

Agents, brokers, etc 

1,002 

61,891 

Total 

11,879 

230,121 


/Source; Statistical Abstract of the United Stcdetf 1936« p. 206. 


26. Present as a component-bar or pie chart: 

The Homestead Fire Insurance Company Assets on December 31, 1936 

Cash in banV:*^ $ 303 , 441 . 93 

Mortgage loans 13 , 950 . 00 

Bonds and stocks 2,951,761.00 

Premiums uncollected 172 , 542 . 42 

Accrued interest 7 , 718 . 30 

Other admitted assets 250.00 

Total assets $3,449,663.65 


Sawee: Annual report of company. 



CHAPTER VI 


GRAPHIC METHODS (Continued) 

Some of the most important work in business statistics is that in 
which phenomena are compared at different points of time. Charts are 
very valuable tools in analyzing these changes, and it is the purpose of 
the following discussion to describe the graphic methods of presenting 
data with reference to definite dates. 



EIxHiBiT 34. — ^The vertical-bar chart is the only form of bar chart that should be used in 
presenting time series. (The horisontal-bar chart should not be used for this purpose.) 

Bar Charts for Time Series. — Bar charts similar to those described in 
the -preceding chapter are often used to show times series. In showing 
time series, however, only the vertical-bar chart is used (Exhibit 34).^ 
The reason for this is that the chart of vertical bars is read in exactly the 
same manner as the time curve, which is by for the most common way of 
presenting historical data. When the vertical-bar chart is used for 
showing a series over a period, the horizontal time scale should read from 

> This rule ordinarily appliM when data are presented in relation to two variables; 
but it does not apply in middng mmple comparisons of size, where both vertical- and 
hoiisontal-bar charts may be U8ed,'a8.described on pp. 83-86. 

96 
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left to right as shown in Exhibit 34. This scale should be Iwd out in 
such a way that equal spaces represent equal time intervals over the 
period. The vertical scale is laid out in the same manner as described 
previously. 

Curves of Size Changes in Time Series. — The most common method 
of showing time series graphically is by means of a curve. * In Exhibit 36, 
the arithmetic time curve (Part C) tells the same story as the bar chart 
(Part A) and the similarity is illustrated (Part B). The curve in Part C 



Exhibit 35. — Comparison of bar and curve methods of showing time series. 


represents the ends of the bars, but by being continuous it indicates the 
direction of the change more clearly than a bar chart. ^ 

The Vertical Scale on Time Charts. — The vertical scale for an 
arithmetic time curve is laid out in the same way as the vertical scales 
of the bar charts previously mentioned. The correct position is on the 
left of the first ordinate as shown in Part Exhibit 36. If desirable, a 
scale may also be placed on the right of the last ordinate, but in no case 
should it be omitted on the left.® The scale figures should be exactly 


^ The plotting of curves in graphic presentation of business 
statistics is based on the use of coordinates in determining the 
positions of points in a plane. Coordinate axes are two straight 

lines at right angles to each other. Their point of intersection o ^ 

is called the origin. The horizontal line is called the axis of a;, or ® 

the axis of abscissas. The vertical line is called the axis of or the 
axis of ordinates. 1 he exact position of any point can be located 

by measuring from the x-axis and from the t/-axis. 

* By convention, the independent variable is plotted on the horizomtal scale and the 
dependent variable is plotted on the vertical scale in statistical charts. The horizontal 
scale defines the question and the vertical shows the answer. One determines the 
independent .variable when he decides upon the terms of his problem. Readers 
of a chart like Part C, Exhibit 35, for instance, will recognize years as the basis of the 
study, but will fix their immediate attention upon the dependent variable or tonnage 
measured upon the vertical scale. 

* Ordinarily when it is necessary to place two or more different vertical scales on a 
chart, they should be placed on the left of the graph, as in Exhibit 94J5 on page 192, 
rather than on both sides of the graph. There are instances, however, of chartp with 
two scales where there is a good reason for not following this rule. An illustration of 
this will be found in Bkhibit 200 on p. 483, in which a second scale is placed on the 
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opposite the lines which they represent (see Exhibit 36). A caption 
explaining the units used should be included, preferably at the top of the 
scale, as illustrated in Exhibits 36 and 38, though lettering vertically 
along the side is not incorrect. When the problem is one of comparing 
sizes over a period of time, the zero line and all of the scale must be 
included on the graph. If the lower part of the scale is not shown, the 



AVERAGE PRICES OF TWENTY-FIVE 
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Exhibit 36. — A. Correct method of showing size over a period of time, as the vertical 
scale is complete. B. Incorrect for showing ^ze because lower part of scale is cut off. 
{Data from Survey of Current Business,) 


reader is likely to be given a very inaccurate impression of the relative 
size changes (Part B, Exhibit 36). That is, the graphic impression 
of Part B is, for example, that prices were over five times as high at 
the peak of 1937 as they were at the end of the year, while the graphic 
impression of Part A is that they were approximately twice as high. 
The principle here is the same as that discussed previously in connection 
with bar charts, and a correct impression of size changes is given graph- 


nght of each graph for the reason that it is much easier to read the curves which are 
plotted to this scale, because they do not extend across to the left sides of the graphs. 
Ordinarily, however, all of the vertical scales should be on the left, as there is less con- 
fusion, and one is not likely to make the mistake of reading a certain curve from one 
scale on the left and a different scale on the right. 
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ioally only when the entire scale is included. (See also Exhibit 47 on 
page 106.) 

Sometimes it is desirable to show time changes without considering 
fflze or rate of change. In such cases, when the entire scale does not 
appear, attention should be called to the fact by showing a horizontal 
break across the graph just above the zero line, as in Part A, Exhibit 37, 
or simply by showing a break at the bottom of the graph as in Part B. 
Either of these warnings should prevent the reader from attempting to 
compare sizes for the different dates. 



Exhibit 37. — When the entire scale is not shown, a break should bo shown across the chart 
as in A or the bottom of the graph should be a broken line as in B. (See Exhibit 36.) 


When a curve is plotted in percentage relatives,' with the 100 per cent 
line as the base above or below which the curve is plotted, the zero line 
is commonly omitted if it is a relatively long distance from the 100 per 
cent base line. 

The Horizontal Scale on Time Charts. — ^The generally accepted 
position for the horizontal scale is along the bottom of the graph as shown 
in Exhibits 36 and 38. If desirable, a scale may be placed along the top 
in addition to . the one along the bottom, but the one along the bottom 
should not be omitted. The position along the bottom of the chart is 
the most convenient position for making comparisons from the zero base 

* Percentage relatives of values, at given times, are the percentages that these 
values are of a value for a certain period taken as 100. Thus, the imports of coffee 
from Brazil into the United States (in round numbers) in 1913 were 5,000,000 bags; 
in 1936, they were 8,700,000 bags; in 1936, they were 8,000,000 bags; Md in 1937, 
they were 6,600,000 bags. The percentage relatives for th^ coffee imports for 
1938, 1936, and 1937, on a base of 100 for 1913, would be: 174, 160, and 132, respec- 
tively, (For further explanation of percentage relatives, see pp. 191-194.) 
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line. It is not necessary to explain in which units the time scales are 
expressed, except when hours, days, or some unit is used which is not 
clearly recognized. Years or months are always clear without a designa- 



Exhibit 38. — Chart of monthly data designated by quarters. 


tion. It is usually best to designate months by their common abbrevia- 
tions rather than by their first letters. If there is not room to letter all 
the abbreviations horizontally, the chart will usually be clearer if only 
one month in each quarter is designated, as in Exhibit 38, in which the 

DOLLARS DOLLARS 



EIxhibit 39. — Position of scale designations in relation to points plotted. 

data are plotted monthly whereas the rulings and designations are on a 
quarterly basis. When several years are designated by months, the year 
designation should be shown under the months at the middle of the year 
as in Exhibit 38. No arrows, dimension lines, or other guides or boxes 
are necessary to show the relation of months to years. In fact, no lines 
should be included which are not necessary in reading the chart. 
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Whether the points should be plotted on the lines as in Part A, 
Exhibit 39, or between the lines as in Part 5, is ordinarily a matter to be 
decided by personal preference. In either case, the designation of the 
month (or other period) should be placed exactly below the point plotted, 
in order that there may be no confusion. Thus, in Part each name of 
the month is directly under the vertical line on which the point is plotted. 
In Part B, each name is directly under the space in which the point is 
plotted. While the method shown in A is the most commonly used, the 
method shown in B is preferable in such instances as when it is desired 



EiXHiBiT 40. — The zero lino and the 100 per cent line should be emphasized. The curve 
should l3e the heaviest ruling on the chart. 

to plot yearly averages for past years, and then continue the curve on a 
monthly basis for the current year. 

Emphasis of Coordinate Lines and Curves. — The zero line should be 
made heavy in order that it may be sharply distinguished from the other 
coordinate lines. Usually it is desirable to emphasize the 100 per cent 
line, or any other line that is used as a base (Exhibit 40). In the hori- 
zontal scale of a time graph, it is usually best not to emphasize the first 
ordinate since, as a rule, it is no more important than the other ordinates. 
If it is a base or zero lino it should be emphasized. Any line may be 
emphasized for the definite purpose of adding clearness to the graph, but 
no lines on the graph proper should be emphasized merely for decora- 
tive purposes. Ordinarily, there is no natural break in a series at the end 
of a year, but often a clearer chart will result if arbitrary breaks are made 
on charts, at such points as ends of years, by heavier vertical lines. 
As a general rule, however, the first and last vertical lines and the top 
horizontal lines in a chart like Exhibit 40 should not be emphasized, 
because they are no more important than the other coordinate lines. 
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The curve on a graph should be heavier than the coordinate ruling, 
and it should stand out clearly on the background. The curve and the 
zero line should be prominent since they define the limits of the sizes 
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Exhibit 41. — The use of shading to emphasize variations. 


represented; that is, in a chart like Exhibit 38 the zero line defines the 
bases of the vertical sizes to be represented and the curve defines the 
tops. Since our interest is centered chiefly in the curve, it should, as a 
rule, be made heavier than the zero line. The background of coordinate 
lines should be very light as compared with the curves and zero lines. 
In instances where it is desired to emphasize the variations, the areas 
between the curve and the zero line may be blocked in as in Exhibit 41. 

Smoothed, Broken, and Step Curves. — In charti n g n on-cumulative 
..dftta^ the original points plotted should be connected Iby straight lines. 
AUJbhat ihe fines between the pbinTs" signify is the direction from one 
point to ano ther. In Exhibit 42, for instance, each ordinate represents a 
month. The first one represents the entire month of January, the 
second represents February, etc. There is no time represented between 
the. lines, and there is no value on the curve between the plotted points. 
The point on the February ordinate represents the total for that month, 
but half way on the curve between January and Februa^ would not 
represent the sales for the middle of the month. All that the curve does 
is to point the way from one total to the next. 

Exhibit 43 shows the data of Exhibit 42 plotted on a cumulative basis. 
The space from one month to the next now represents a period of time 
and every point on the Curve is how indicative of a value. For instance, 
the point half way between January 31 and February 28 indicates the 
sales accumulated from the beginning of the year until the middle of 
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February. In data like sales, however, such an indication might not be 
highly accurate within the month. In other kinds of variables, such as 




population, changes rarely occur suddenly, and sharp angles nearly 
always would be absent from such a curve., Ctonse(iuentiy,_in £to^^^ 
cumulative- data or a continuous series, ideaHy the points should be 
c onnoted by a sm^hed curve, _and;6<rtj>yjtiwgb^ In smoothing 
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a curve the maarimiim possible radius of curvature shoiild be maintained 
constantly, and all breaks should be avoided unless such breaks are 
actually known to have occurred. 

The step curve, shown in Exhibit 44, is usually not good practice. It 
does not show the direction of the change over a period as well as the 
broken curve, and it does not bring out the relations at individual points 
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Exhibit 44. — Step curves should be used only when changes take place abruptly as in 
the above chart. They should seldom be used when ordinary broken or smoothed curves 
can be used. 


as well as a bar chart. If two or more step curves cross one another, 
they may be quite confusing, since either (or both) vertical or horizontal 
parts may coincide. This form of curve should be used, however, when 
p.ba.ngfta taka plaoft abruptly^ as was the case in Exhibit 44. 

Comparison of Size Differences in Time Variables. — Up to the 
present point in this discussion of time charts we have considered only one 
variable. Probably the greatest use of graphic methods' in business 
statistics is not only in showing how the size of a single variable changes, 
but in comparing the sizes of two or more variables over the same period. 

Choice of Forms When Comparing Two or More* Series — ^Bars and 
Curves. — Bar charts can be used when showing two series over a period 
of time, but when several series are showir it is almost imperative that 
curves be used. When bar charts are used, it is necessary to differentiate 
the bars by some kind of shading or color throughout the comparison. 
The use of bars for comparing two series is illustrated in Exhibit 4^ 
and the use of curves to shbw the same data is illustrated in Exhibit 46. 
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NEWSPRINT PRODUCTION IN 
THE UNITED STATES AND CANADA. 1928-1933 


THOUSANDS 
or TONS 



■ UNITED STATES 

SOUftCCi NCWSPAINT SeAVICC BUREAU BULLETIN 


B CANADA 


EbCHiBiT 46 . — Use of a bar chart in comparing two series over a period of time. {Adapted 
from Ngwaprint Service Bureau.) 
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Common Units Necessary. — In making comparisftns of size of the 
kind illustrated by Exhibit 46, it is necessary that the scale used be 
common to both series. We cannot directly compare quantities of oil 
in barrels with tons of coal, but by reducing them to pounds, monetary 
values, heat units, or other units common to both, we can plot them to 
the same scale and make direct comparisons. It should be noted that 
the preceding statement applies to comparisons of size. The statement 
does not mean that series in different units should not be included on the 
same chart for convenience in special cases. 

The importance of including the entire scale, which was discussed on 
page 98 in connection with analyzing a single series, should be emphasized 

UNITED STATES IMPORTS 



Exhibit 47. — In comparing sizes over a period of time, it is important to include 
the entire scale. (Note the wrong graphic impression that is given if the dotted portion of 
the chart is omitted.) 

again in connection with making comparisons of more than one series. 
When comparing sizes over a period of time, the true relation will be 
shown graphically only when the chart is drawn to include the entire 
scale. One often sees such charts published without the lower part of 
the scale, and, consequently, an inaccurate graphic impression is given. 
In Exhibit 47, if the dotted portion of the chart were omitted, imports 
would appear to be about half as large as exports in 1924. When the 
entire scale is shown, the impression at this same point is that imports 
were more than three-fourths as large as exports. 

It should be clearly understood that the preceding discustion applies 
to the problem of comparing sizes over a period. Whether or not thq 
entire scale should be included in other cases depends upon what one 
wishes to show. There are occasional instances when it is not necessa,ry 
to include the entire scale, but, when it is omitted, the reader should be 
warned as discussed in coimection with the single-curve chart of Exhibit 
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37 on page 99. The reason for emphasizing the importance of including 
the entire scale is that so often it is omitted by the inexperienced when 
the object is to make comparisons of size. 

Differentiating and Designating Curves. — When two or more variables 
are represented on a graph, it is necessary to differentiate the curves so 
that they will not be confused. There are two common methods of 
doing this. One is by using different colors; the other is by using different 
kinds of dot-and-dash combinations as illustrated in Exhibit 48. The 
latter method is the one usually used when the charts are to be reproduced 
by any kind of photographic process. 



Exhibit 48. — Differentiating and designating curves. 


When two or more different curves are used, it is necessary to designate 
them with the names of what they represent. This designating is done 
in two different ways, namely: (1) placing the names on the graph near 
the curves that they represent (Parts A and B, Exhibit 48); and (2) 
showing a separate key or legend elsewhere on the chart with a sample 
of each kind of curve (Part C, Exhibit 48). Of these two methods, the 
one illustrated in Parts A and J3, Exhibit 48, is recommended as best for 
general use; since it is the most convenient from the point of view of the 
reader. The lettering should be done horizontally when there is room 
(Part A) but, if the space is limited, the lettering should follow the curve 
as in Part B. When the curves are very irregular or crowded, it is 
frequently necessary to tie the name to a particular curve by means of 
an arrow as illustrated in Parts A and JS, Exhibit 130, on page 277. 

Comparing Many Curves. — The number of curves that can be placed 
upon a single graph depends chiefly upon the way in which they are dis- 
tributed over the field, but in no case should so many be used that they 
will run together in such a manner that they can be distinguished only 
with diflSculty. An exception may be made to this rule, however, when 
curves are plotted together to show correlation. 
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Wben it. is neoessary to plot a largps- number of ourv^ it is usually 
betl^ ^ break the chart up into a number of small graphs wlach should 
be drawn to exactly the same scale, as illustrated in Exhibit 
. of Time Variables. — It is often desirable to show ‘the 

component parts of a variable %over a period of time, and this may be 


INDEXES OF UNITED STATES INDUSTRIAL PRODUCTION 
BY YEARS. 1920-1929 

(ADJUSTED FOR SEASONAL VARIATIONS) 

RELATIVE TO THE 1923-1925 AVERAGE 


FOOD PRODUCTS R\PER&PRINTNG 


^!;ss:sss^i|!ssssssiil!s:s: 



BbcHmiT 49. — c^od mothod of showingj^a large number of curves. 

by us^g b^i; cj^es, tuid o;&er de’^fes. , C^uppc^ent parts on t|fe 
1 q| tb^ actual axe clearly shq\^fi.over a time p^ipd in Ei^bit 
In fpcb a c^arti^.the “belts,” as tbg areas betvtppa tho curves are 
d, sijiadgdJn oi^er.^bat they may. be niit>res^o|early indicated. 
sha^.a^^ H^jifni^ed by^fia^g .on the bflit?, 

by ^^ng| ant 
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Rates of j^aage— the Logarithmic Curve.— So far, in the study of 
g^phic plantation of time series, we have considered only variations 
in size ovrir the period, and the charts were constructed with arithmetic 
scales. ^If, instead of showing the actual size changes, w e wish to show 
the rote of change, we can do so by using a logarithmic scale. The pur- 
poses of arithmetic curves and logarithmic curves are entirely distinct. 
One c annot be used instea d of t he other, and, in fact, a clear understand- 
ing of the arithmetic curve is practically impossible unless one under- 
stands also the logarithmic curve. Although in the past there has be^en a 
considerable amount of prejudice on the part of the business man against 



Exhibit 60. — Method of showing component parts over a period of time. *{Data adapted,) 

the logarithmic chart, he is now using it widely, since he appreciates its 
importance arid realizes its simplicity. 

The preceding discussion of time series considered principally the 
different sizes in tiri'c variables, as for instance in Part A, Exhibit 61, 
in which the size of the population for any one point of time can be com- 
pared with the ^ze for any other date. That is, we can see that the 
population of 1930, for instance, is about twice that of 1890. We can- 
not, however, directly compare the rate of increase of one part of the 
curve with that in another. Although the curve is steeper from 1920 to 
1®0 than it is from 1820 to 1830, this does not mean that the population 
was increasing at a more rapid rate in the later period. It means simpfy 
that the actual diflel^ce in size is greater. If the rate of change is to 
be shown, the logarithmic vertical scale is' used, as in Part S, Exhibit 51.^ 
in which the slope of ;the curve iiMlI^tes the rate of growth. It iarea^y 
Sj^n that this slightly^ rince the cimveris l^ stwp iii 

thi latter part <rf tbe,.period. It must he dearly it the out- 
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set that the two parts of the chart in Exhibit 61 have two different and 
distinct purposes. Part A shows differences in size , but does not show 
directly the rates of change; Part B shows the rates of change , but does 
dot show directly the differences in size^ Both charts are simple, but the 
arithmetic scale (-4) has been used more widely in charting business 



statistics than the logarithmic scale (5). It is not necessary, however, 
to know anything about logarithms in order to make or use the logarith- 
mic chart. 

Scales for Logarithmic Curves. — In Part B, Exhibit 51, the horizon- 
tal scale is ruled arithmetically while only the vertical scale is ruled 
logarithmically. Curves made in this combination are commonly referred 
to in business usage as logarithmic curves.* 


^ It should be appreciated that not all problems are those of differences in size or 
those of rates of change. Sometimes, while one may not really wish to show rates of 
change, it is very desirable to show a wide range of values within a small space, and 
Still leave the lower values readable. In such instances, the logarithmic scale may 
be used for the purpose of showing high- and low-value series on the same chart with- 
out using double scales or losing legibility, even though the study may not be strictly 
one of rates of change. The ratio characteristics, however, of such a curve must not 
be misinterpreted. * 

* Ip practical business use, this chart is commonly called a 'Uoganthxpic chart'' or 
"Ibgarithmic curve.'’ It is sometimes suggested that the terpi "semi-logarithmic 
Chart" should be used since only one scalci is logazithpnc, leaving the torm ^logarit^ 
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The arithmetic horizontal scale allows the uniform spacing for the 
periods of time, such as months or years, while the vertical logarithmic 
scale, which is geometrical progression, shows directly the true relative 
changes.^ On the arithmetic chart, equal intervals on the vertical scale 



represent equal differences as in Part A, Exhibit 51, where each vertical 
spacing represents ten million persons throughout the scale. In the 
logarithmic chart, equal intervals on the vertical scale represent equal 
ratios. Thus, in Part B, Exhibit 51 the space from 5 to 10 is the same 
as from 40 to 80, or 10 to 20 or for any other twofold or 100 per cent 
increase. In other words, all twofold or 100 per cent increases have the 
same spacing. 


mic” to apply to charts in which both scales are logarithmic. A chart with two 
logarithmic scales is so seldom used in business statistics, however, that it has become 
common practice for the business user to attach the modifying term to this chart, 
calling it a ‘‘double logarithmic chart,” and to apply the less awkward term “loga- 
rithmic” to the single-scale logarithmic chart which is in common business use. '^e 
terms “semi-logarithmic” and “arithlog” should be used, however, when ordering 
the coordinate paper that is on the market for use in making these charts, as a precau- 
tion in preventing errors or confusion. ^ 

^ A geometric progression is a series of numbers in which each successive tenn is 
multiplied or. divided by a constant factor thus, 1, 2, 4, 8, 16, 32, etc.j or 16, 8, 4, 2, 
etc. An arithmetic progression is a series of numbera in which each successive term 
is increased or decieased by a constant amount, as 1, 2, 3, 4, etc.; or 2, 4, 6, 8, etc.; or 
15, 12, 9, 6, etc. ^ 
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Ordinarily, it is not necessary for a logarithmic chart to show any 
more horizontal lines than are shown in Exhibit 51. If the curve extends 
through several decks, it may be necessary to number the vertical scale 
^ in Exhibit 52, which shows a scale of from 10,000 to 1,000,000,000. 



Exhibit 53. — Letter-size logarithmic paper. (Reduced 2^ times linear.) (Sometimes 
called semi-logarithmic since only the vertical scale is logarithmic.) 

When it is desired to plot a logarithmic curve, special coordinate 
paper may be obtained, or the scale may be taken from a statistician's 
scde or slide rule, and the coordinate lines drawn on plain paper. ^ One 
complete cycle or deck on a logarithmic scale is usually numbered from 
1 to 10, and the decimal point may be placed so that the scale will be 
suitable for the curve to be plotted — that is, a cycle or deck may be .01 
to .1, .1 to 1, 1 to 10, 10 to 100, 100 to 1,000, etc. In all cases each deck 

^ See p. 661 for a statistician’s scale; and see pp. 664-665 for methods of reducing 
or enlarging a logarithmic scale. 
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or cycle represents figures 10 times as large as those represented by the 
deck immediately below. ^ On semilogarithmic coordinate paper (see 
Exhibit 53), there are more subdivisions ruled in for convenience in 
plotting than are shown in Part Exhibit 51, but ordinarily no more are 
necessary for reading than are given in Exhibit 51. It will be noted that 
the lines are closer together as the scale ascends and finally some must be 
omitted.® 

A simple test to apply to the logarithmic scale in determining whether 
or not it is laid out correctly is to take a scale, the dividers, or an edge 
of paper, and see if the spaces from numbers to their doubles are the 
same — that is, the distance from 1 to 2 should be same as from 3 to 6; 
500 to 1,000; 4,000,000 to 8,000,000; etc. 

Since the logarithmic scale is laid out in geometrical progression, 
obviously we can approach zero indefinitely, but we can never reach it. 


^ See John R. Riggleman, “Graphic Methods for Presenting Business Statistics/' 

2d ed., pp. 109-115, McGraw-Hill Book Company, Tnc., New York, 1930. 

* The divisions of a logarithmic scale are proportional, not to the numbers thein-V^ 
selves, but to their logarithms. That is, the scale is divided logarithn\ically, and the 
designations are not the logarithms but the numbers corresponding to the logarithms. 
Thus, for instance, 4 is over halfway between 1 and 10 because the logarithm of 4 is 
0.6021, which is more than half as large as tlu^ logarithm of 10 which is 1 ; but instead 
of using the logarithm 0.6021 in the scale, the (corresponding number 4 is used. 

If semi-logarithmic paper or a logarithmic scale is not at hand, a ratio chart may 
be made by reducing the data to logarithmic terms, and then, using the ordinary 
arithmetic scale and paper, the logarithms of the given quantities will be plotted 
instead of the quantities themselves (Exhibit 60, Part Cr, page 119). 

If no logarithmic scale is at hand, and it is desired to make a chart on a semi- 
logarithmic coordinate ruling, the logarithmic scale may be laid out as follows: 
Suppose that it is desired to lay out a logarithmic scale in round numbers from 10 
to 100 (10, 20, 30, 40, 50, 60, 70, 80, 90, 100). Look up the logarithms of these round 
numbers, which would be as follows: 10, 1.00; 20, 1.30; 30, 1.48; 40, 1.60; 50, 1.70* 

60, 1.78; 70, 1.85; 80, 1.90; 90, 1.95; 100, 2.00. Next, lay out, arithmetically, a scale 
on which to plot these logarithms as in A as illustrated below. Then plot the fore- 



going logarithms as shown by the points in B, Next, rule lines spaced accord- 
ing to the points plotted in R, as in C. Then number the lines according to the 
natural numbers as in Z>, not according to the logarithms. As explained above, 
the divisions of a logarithmic scale are proportional, not to the numbers themselves, 
but to their logarithm^; that is, the scale is divided logarithmically and the designa- 
tions are not the logarithms, but the natural numbers. 
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UNITED STATES EXPORTS OF AUTOMOBILE TIRES 
1929-1937 


Exhibit 54. — Wrong. Such a use of bars on a logarithmic scale is incorrect. 


COMPARISON OF SALES OF 
MAIN STORE AND BRANCH STORE 
1934-1938 
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Exhibit 55* — Simple comparison of sises of change (4), and rates of change (B). 
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In other words, t here is no zero o n a loga rithmic scale. Furthermore, 
there is no base line on a logarithmic scale, for any value is as much base 
value as any other. The scale may begin with 1, 3, or any other number. 
It is necessary only to choose a scale sufficiently long to include the 
data to be plotted, as in Part JS, Exhibit 51. Since there is no fixed 
base, the bottom line of a logarithmic chart should not be emphasized 
as is the zero line for an arithmetic scale. 

Meaning of Slopes of Curves. — In logarithmic chart s the index of 
the rate of change is the slope of the curve. If a curve has a steeper slope 



in one part than in another, it means that the steeper part is changing at 
a higher rate. Thus, in Exhibit 51, population increased more rapidly 
during the first half of the period shown than during the second half. 
A straight line over a period would represent a constant rate of change. 
The area under a curve, which is so important on an arithmetic graph, 

is meaningless on a logarithmic chart. . . i • j- 

Occasionally one sees a chart drawn like Exhibit 64, which is dis- 
tinctly incorrect. The bars have no significance in this chart in repre- 
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seAting relative changes, and they cannot represeAt sizes, as there can 
be no zero base on a logarithmic chart. 

Comparisons of Rates of Change. — It must be kept in mind that the 
purposes of the arithmetic curve and the logarithmic curve are dis- 




tinctly different. The two cannot be combined, and one cannot take 
the place of the other. This point will be brought out more clearly by a 
consideration of Parts A and B, Exhibit 65. In A, we can compare the 
size, of .one store with that of the other, and it is easy to see that the main 
store is about four times the size of the branch. We cannot, howeyer, 
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directly compare the rates of change in the two curves — that is, we can- 
not tell directly which store is growing the faster. To determine this 
we can use the logarithmic curve as illustrated in Part B, Exhibit 55, 
which shows that the rates of change are the same. 

Exhibit 66 further illustrates the comparison of rates of change 
between two different series. It is easy to sec in this chart that imports 
of rayon into the United States have tended to increase much more 
rapidly during the last few years than imports of silk. 

Business men often attempt to compare the rates of change between 
arithmetic curves without realizing how greatly they are being misled. 
For instance, a number of executives of a large eastern bank were studying 
the 1920 drop in cotton and wool consumption (see 1920 in Exhibit 57^1) 
from an arithmetic chart which appeared in the Federal Reserve Bulletin. 
After a discussion, they agreed as to the reason why cotton consumption 
is more speculative than wool consumption, when, as a matter of fact, 
cotton docs not fluctuate relatively as much as wool (Exhibit 67 B). 
The arithmetic curves which these men were studying showed sizes of 
fluctuations, whereas the conclusions that they were drawing should have 
been based upon relative fliujtuations, which are shown directly by the 
logarithmic chart. Such instances indicate that it is very important to 
understand the nature and use of the logarithmic curve in order that 
one may use correctly the arithmetic curve. 

It has been pointed out that the rates of change 
of the two series in Part B, Exhibit 56, are the same. 

Whenever, in a logarithmic chart, two curves run 
parallel in the sense that the vertical distance 
between them remains unaltered, the rates of 
change are the same. In this connection, it 
should be appreciated that curves which arc parallel 
in the sense that the vertical distance remains the 
same, may not be e’eparated by equal direct dis- 
tances. Exhibit 58 shows two curves that are 
parallel in that the vertical distance between them 
does not vary, but the direct distance between the 
two curves changes. This effect is pronounced 
only when curves are far from straight, but m such that the vertical 

cases care must be taken to consider the vertical distances between them 

are the same. 

distances between the curves. 

Comihon Units Not Necessary in Comparing Rates of Change.— Rates 
of change in variables may be compared on a logarithmic chart, even 
though they are not expressed in common units. In arithmetic charts^ 
we eaiii^t directly compare the sizes of coal and oil productions wheii 
coal is Expressed in tons and oil in barrels. In logarithmic ehartsj how^. 
6ver ; different- units do not prevent comparing rates of change, for * if -oil 
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production increases over a given period from 200 to 400 million barrels, 
and coal increases from 300 to 600 million tons, the production has 
doubled in both instances, and hence the rates of change are the same. 

Comparing Different Logarithmic Charts. — ^When it is desired to 
make logarithmic charts in such a way that they can be compared directly, 
they should be drawn with the same spacing in the horizontal scales, 
and the vertical scale should be so drawn that equal spaces will represent 
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Exhibit 69. — Shifting logarithmic curves to facilitate comparison. 


equal ratios. That is, on all of the Jpgarithmic scales the spaces from 
alLmunbeia to their doubles . ghpuld be the same. 

Shifting Logarithmic Curves to Facilitate Comparison. — Since, on a 
logarithmic chart, the index of the rate of change is the slope of the curve, 
it is sometimes desirable to bring the curves closer together in order to 
facilitate comparison. Thus in Part A, Exhibit 59, the curves are too 
far apart to see easily the differences in the rates of change. So in Phrt 
B, these same curves are placed together and the differences can be noted 
more easily. Both curves may still be read from the scales if they are 
included as in Part B, Exhibit 59. If it is desired to plot the data directly, 
one scale may be raised or lowered in position along the other by multi- 
plying or dividing it by a constant. Thus, in Part B, Exhibit 59, every 
number in the left-hand scale is exactly five times the opposite number 
in the right-hand scale. 

Another method of shifting curves to facilitate comparison is through 
the use of percentage relatives. 

Comparison of Percentage Relatives. — ^Percentage relatives are used 
when it is desired to compare not absolute sizes of the quantities or rates 
of change over the period, but the changes that have taken place in terms, 
of percentages of the value at some particular period. In determining 
percentage relatives, tiie data for one period or average of a period ate 
taken as the base^ usuallj^indhnated as IQOj upon which the data for the 
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following or preceding periods are computed as percentages. Thus, in 
Exhibit 60, Chart A compares the actual sizes of the two prices over the 



Exhibit 60. — Various methods of comparing time series. 


period, while Chart B compares the changes that have taken place by 
showing what per cent of the 1934 values the prices are for the other dates 
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— that is, for 1936 the percentage relative on the base of 1934 for stock 
No. 2 is 400, which means that it is 400 per cent of the price for 1934. 

The use of the percentage-relative chart must not be confused with 
that of the logarithmic chart. The two are distinctly different. While 
we can see from Chart J?, Exhibit 60, that the proportional increase from 
1934 to 1938 is greater in No. 2 than in No. 1, we cannot compare the 
rates of change for the different periods in either curve. Rates of change 
are compared in Charts Z), and G (Exhibit 60). When the curves 
are plotted on a logarithmic scale, it will be noted that the slopes of the 
curves are the same whether the actual numbers or the percentage rela- 
tives are plotted. 

If percentage relatives of the same base year are plotted as in Chart 
E, Exhibit 60, the curves are automatically shifted so that they are close 
to each other, which facilitates the comparison of logarithmic curves as 
has been discussed previously. Another good instance of reducing the 
data to percentage relatives for the purpose of shifting the curves to 
facilitate comparison is the chart shown in Exhibit 175 on page 370. 
The slight spread between these curves is very significant. Unless they 
are close together,* it is diflSicult for the reader to appreciate the differ- 
ences in the slopes. 

If two series of percentage relatives, having different base periods, 
are to be studied, they cannot be compared directly on an arithmetic 
scale without distortion (see Chart C, Exhibit 60). Different base 
periods, however, make no difference in the shapes of the curves plotted 
on the logarithmic scale; this is illustrated by Chart F, Exhibit 60. 
These different methods of handling the data do not alter the rates of 
change, and hence there is no difference in what is shown by Charts D, 
Ej and Fj Exhibit 60. 

If a logarithmic scale is not at hand, a logarithmic chart may be con- 
structed as shown in Chart 6, Exhibit 60. In this graph, the logarithms 
of the given quantities are plotted (on an arithmetic scale) instead of the 
quantities themselves.^ Rates of change are shown by the slopes of the 
resulting curves. It will be noted that the shapes and slopes of the curves 
in Chart G are the same as in Charts D, Ey and F.^ 

Cumulative and Non-cumulative Series. — It is important that the 
distinction between cumulative and non-cumulative data be clearly 
appreciated in the field of business statistics as a whole, as well as in the 
special field of graphic presentation. Otherwise, considerable confusion 
is likely to result due to attempts to make direct comparisons of cumula- 
tive with non-cumulative series. This is true whether amounts of change 
or rates of change are being compared. When a chart similar to that 
presented in Part A, Exhibit 61, was being considered by a certain group 

^ See first two paragraphs of second footnote on page 113 . 

* Charts H ahd I, Exhibit will be referred to later; see footnotes pp. 224 and 322 . 
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of busiiness men, a number of those present raised the question as to why 
building activity declined so materially while population continued to 
increase. Though several possible reasons were advanced, the chief 
difficulty was that the building permit series was non-cumulative, while 
the population series was of a cumulative nature. As a general rule in 
such instances, either the annual building permit figures should be 
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ANNUAL BUILDING PERMITS 
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Exhibit 61. — In comparing scries (graphically or otherwise), it is important to dis- 
tinguish between cumulative and non-cumulative data. A. Non-cumulative series com- 
pared with cumulative series — a difficult comparison to analyze. B. Both scries of Part A 
shown on a non-cumulative basis; the comparison is much easier to analyze. 


compared with the annual increases in population, or the total population 
figures should be compared with a similar net cumulative series such as 
total building in existence.^ 

The two series ol Part A, Exhibit 61, are both shown on a non- 
cumulative basis in Part B, That is, the annual building figures are 
compared with the annual increases in population. It is obvious that 
the type of comparison illustrated in Part B is ordinarily of greater 
significance and easier to interpret than that in Part A. 

Other Types of Statistical Charts.— This discussion of graphic meth- 
ods has considered only the methods for showing simple comparisons of 
size (bar charts, pie charts, etc.), arithmetic curves, and logarithmic 
curves. In addition to those, charts of frequency curves, correlation 

^ It is also often necessary to make other adjustments and corrections, such as 
eliminating effects of price changes, when making such comparisons. These will be 
discussed later. It is the object here only to point out the importance of distinguish- 
ing between cumulative and non-cumulative series. 
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curves^ and statistical maps are used in business statistics. For dis- 
cussion of the technique involved in constructing these charts, the reader 
is referred to the more specialized books on graphic methods. Examples 
of these charts will be given, and their use will be illustrated later on 
throughout this text in connection with the various applications and 
interpretations of statistical methods and data. 

Checking List for Curves. — The following list includes the most 
important points to be observed in making curve charts; it can be used 
when checking arithmetic and logarithmic time charts, frequency charts, 
and correlation charts to see if they are complete: 

CHECKING LIST FOR CURVE CHARTS 

Have you placed your vertical scale (dependent variable) on the left of the graph, 
and does it read from bottom to top? (If desirable to show the scale on the right, 
it may be placed there in addition to the scale on the left.) 

Have you placed your horizontal scale (independent variable) along the bottom 
of the graph, and does it read from left to right? (If desirable to place the scale at 
the top, it may be placed there in addition to the scale at the bottom.) 

Have you centered a caption over the vertical scale? 

If necessary, have you placed a designation under the horizontal scale? 

If you have used two or more curves, have you designated them, and can they be 
distinguished clearly? 

Are your curves heavy? 

If you have shaded or colored bars or areas, have you included designations or a 
key or legend? Are the faces of any such bars free from coordinate or scale lines? 

If the vertical scale is arithmetic, is the zero line or 100 per cent base line heavy? 
(The bottom line of a logarithmic chart should not be emphasized.) 

Is your background of coordinate lines light? 

Is your title your largest lettering? 

Is the title clear and easy to read? 

Have you given the reference or source (if desirable)? 

Does all lettering read horizontally? (When impossible to letter horizontally, 
lettering should read from bottom to top — ^never from top to bottom.) 

Are your letters formed according to a commonly accepted style of plain lettering? 

Did you check for accuracy? 

Have you ruled in a border line? 

Have you given your name (lower right) and the date (lower left) if desirable? 

Are pencil lines erased? 

Will your chart be clear to the reader? 

Summary of Graphic Methods. — In the description of methods 
as applied to the charts in the last two chapters, certain fundamental 
rules of practice have been developed. These rules apply to other kinds 
of charts, and a thorough knowledge of them on the part of the reader 
will be assumed when other kinds of charts are used later on in this book. 
For convehience, both in review and in reference, these fundamental rules 
have been summarized and presented graphically in Exhibit 62.^ 

^ This summary of rules is adapted in part from the Report of the Joint Committee 
on Standards for Graphic- Presentation,” Quarterly Publications of the American 
StaiiHical AssociaHont Vol. f4, pp. 790-797, 1916. 
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1. When possible, lii , 

(lb) or volumes (le). 
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■boold bo used (Fig. la) rather 



arrangement 
shduld proceed from left to right 
(Fig. 2). 

^ 3. If the graph is to show 
sizes directly, the complete scale 
and zero line should be inclnd^ 
(Fig. 3). 





FbcHDiT 62. — Summary of rules for graphic presentation of business statistics. (Caniinued 

an pages 124 and 126.) 
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12. The scales should be 

K laced at the left and at the 
ottom of the graph as in Figs. 
12a and 12b. If desirable they 
may be placed at the top and 
on the right also, but they 
should never be omitted on the 
left and on the bottom. 




13. A caption describing the 
units Osed in the vertical scale 
should be placed at the top of 
the scale as in Fig. 13a. (An. 
other method is to place the 
designation along the side but 
tliis is less preferable.) When 
desirable, the horizontal scale 
should be designated as in Fig. 
13b. (Ordinarily it is not nec- 
essary to designate years or 
months.) 




14. When two or more 
curves ore presented, they should 
be differentiated (solid, dashed, 
dotted line.s, etc.) and properly 
designated (see Fip. 14a and 
14b). The method of placing 
the designations along the curves 
(14a) is preferred. 



Fig. Ub 



ISa. The title of a chart should be placed at the lop as in Fig. 15. It should be as clear and 
complete as possible. Subtitles, descriptions and footnotes should be added if necessary to insure clearness. 


15b. Usually ‘it is desirable to place a border line around the entire chart to give it a finished 
appearance (Fig. 15). 

Exhibit 62 (Concittded).— Summary of rules for graphic presentation of business statistics. 




126 


BUSINESS STATISTICS 


Questions and Problems 

1. Can time series be presented by bar charts? What kind of bar charts? 
Describe a more common way of presenting time series graphically. 

2. What are coordinate axes? What is the axis of ordinates? The axis of 
abscissas? The axis of x? The axis of y7 

8. Should the dependent variable be plotted on the horizontal or vertical scale in 
an arithmetic time chart? What figure should constitute the base and with what 
exceptions? 

4. On what scale should the independent variable be plotted? 

6. Should points be plotted on or between the vertical lines? What are the 
requirements regarding the location of the horizontal scale figures or words? 

6. How should the vertical scale be arranged and designated? 

7. What lines of a curve chart should be emphasized? Why? 

8 . How should points plotted on curve charts be connected? 

9. Why is it seldom good practice to use step curves? When should they be used? 

10. What kind of chart is best for presenting several series of data over a period of 
time? Why are bar charts not feasible for this kind of presentation? 

11. Do curve charts have the same requirements as bar charts as regards the 
necessity for common units? Why? 

12. When several series are shown on a curve chart, how should they be dis- 
tinguished? 

18. What can be done if the number of series becomes unwieldy for one graph? 

14. What are **belt*' charts? When should they be used? How are they 
designated? 

16. “The purposes of the arithmetic curve and logarithmic curve are entirely 
distinct.” Explain. 

16. What does the steepness of an arithmetic curve signify? The steepness of a 
logarithmic curve? 

17. What is the difference between arithmetic and logarithmic scales? 

18. Are there any requirements regarding the base figure of a logarithmic scale? 
Discuss. 

19. Arithmetic curves of the sales of two stores would tell us what regarding 
their records? Logarithmic curves would tell us what regarding their records? 

20. In comparing series on logarithmic charts is it necessary to have common 
units? Why? 

21. Present the following data in the form of a vertical-bar chart (see Exhibit 34) : 
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Motob VBHiciiB Rboistbatiok in thb Unttkd Status, 1925-1037 


Year 

Regietration 
in thouaande 

1925 

19,937 

1926 

22,001 

1927 

23,133 

1928 

24,493 

1929 

26,501 

1930 

26,545 

1931 

25,833 

1932 

24,115 

1933 

23,844 

1934 

24,952 

1935 

26,231 

1936 

28,166 

1937 

29,705 


Soures: AviomehUs Facts and Figures, 


Check your chart according to the checking list on page 122. 


22. Below are given the factory sales of passenger cars in the United States and 
Canada for cars in two price classes. 


Year 

Number sold 

$501 to $750 

$2,001 to $3,000 

1925 

660,520 

54,814 

1926 

1,149,301 

73,738 

1927 

957,987 

50,064 

1928 

1,219,266 

55,304 

1929 

1,317,116 

47,587 

1930 

680,352 

27,266 

1031 

413,929 

12,714 

1932 

260,831 

8,679 

1933 

237,099 

8,725 

1934 

715,989 

6,879 

1935 

1,444,529 

5,413 

1936 

1,677,558 

4,326 

1937 

2,392,415 

4,061 


Source AutomohUe Facts and Figures. 


Present the above data on an arithmetic time curve (see Gxhibit 46). 

Check your work according to the ehecking list on p^e 122. 

^ Tht AnwMC iades of busineas activity in relation to a computed nom^ is: 
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Year and index as a per cent of computed normal 


Montn 

1928 

1929 


1931 

1932 

1933 

1934 

1935 

1936 

1937 

January 

98.0 

105.5 

95.0 

74.4 

73.4 

65.7 

79.6 

87.2 

92.2 

104.2 

February 

99.7 

106.1 

94.2 

76.2 

71.4 

66.1 

83.2 

86.7 

88.9 

105.7 

March 

99.4 

104.3 

91.2 

78.0 

69.8 

62.5 

84.6 

84.4 

89.4 

106.8 

April 

99.9 

108.8 

95.0 

80.8 

66.8 

69.2 

85.9 

82.8 

94.1 

107.0 

May 

101.3 

110.1 

90.0 

78.1 

64.3 

77.3 

86.4 

81.8 

95.8 

110.0 

June 

98.7 

108.9 

89.0 

76.5 

63.9 

87.5 

83.8 

82.0 

97.6 

107.1 

July 

100.5 

109.9 

86.4 

78.2 

62.9 

94.0 

78.0 

82.7 

102.3 


August 

102.1 

108.1 

83.1 

73.5 

64.4 

87.5 

75.1 

84.9 

102.5 


September 

102.4 

107.3 

82.4 

70.8 

68.5 

82.0 

71.4 

86.1 

102.9 


October 

105.0 

105.7 

79.5 

66.2 

69.8 

78.5 

74.6 

89.1 

103.3 


November 

103.7 

96.9 

76.1 

65.0 

69.2 

75.3 

76.0 

92.0 

107.1 


December 

102.0 

92.1 

76.1 

65.8 

68.8 

77.5 

82.4 

96.7 

110.5 



Source: Survey of Currerti Buaineae and The Annalui. 


Present the per cent deviations from normal of the above data on an arithmetic 
plus and minus time curve and shade the proper area for emphasis (see Exhibit 41). 

24 . Monthly sales of two units of Jay and Co., a chain-store retail merchandising 
company, for the three years 1935-1937 were as follows: 


Year and month , 

Sales, in thou- 
sands of dollars 

Year and month 

Sales, in thou- 
sands of dollars 

Unit A 

UnitB 

1 

Unit A 

Unit B 

1935 

■■ 

M 

1936 



January 



July 

41 8 

542 

February 

26.2 

429 

August 

49.6 

551 

March 

25.1 

431 

September 

43.5 

562 

April 

27.4 

464 

October 

50 2 

566 

May 

25.7 

456 

November . 

48 7 

582 

June 

24.2 

455 

Defiember. 

64.3 

636 

July 

26,0 

461 v 

.1937 

August 

24.9 

458 ' 

January 

60 1 

590 

September 

31.8 

449 

Fteb^ary 

59.7 

598 

October 

27.6 

470 

March - - 

62.3 

622 

November 

32.4 

484 

'■ April 

50.3 

608 

December 

40.3 

521 

May 

72.4 

610 

1936 



June '. . : . : . . 

70.1 

621 

January 

34.1 

502 

July 

69.2 

624 

February... . . . .... 

36.0 

50S 

August - . 

67.4 

625 

March 

.36..8C 

525 - 

- September^.- 

74.3 

632 

April 

43.2 

541 

October 

81.2 

648 


: -afci- 

i .524 ■ 

• . November;.. ... , 

78.2 

654 

June 

40.0 

531 

December 

94.1 

682 
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а. Present the data as two curves in the form of an arithmetic time chart. 

б. Present the data as two curves in the form of a logarithmic time chart. 

c. Does the chart presented in (a) clearly compare the “amount” of sales of the 
two units over the period? Does the chart presented in (b) clearly compare the 
“rates of change” of sales of the two units over the period? 

Analyze your charts and pres<;nt a brief report of your analysis. 

26 . Monthly sales of Sears Roebuck and Co. for the years 1934-1936 were (sales 
in thousands of dollars) : 


Month 

Sales 

1934 

1935 

1936 

January 

21,971 

23,776 

27,672 

February 

20,594 

23,668 

27.580 

March 

25,280 

31,980 

36,081 

April 

25,165 

34,073 

39,011 

May 

30,137 

35,190 

44,923 

June 

27,064 

35,131 

46 '359 

July 

21,496 

29,594 

39,634 

August 

25,219 

29,553 

38,903 

September 

29,904 

34,301 

47,617 

October 

34,430 

44,048 

58,135 

November 

33,694 

40,867 

49,014 

December 

41,947 

51,338 

66,433 


Source: Survey of Current Business. 

a. Present the abov(^ data in the form of an arithmetic time curve. 

b. Present the above data in the form of a logarithmic time curve. 

c. Analyze your curves and write a brief report of your analysis. 

26 . The sales of Sears, Roebuck and Co. and of Montgomery Ward and C^o. for 
the years 1934-1936 were as follows (sales in thousands of dollars): 
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Month 

1934 

1935 

1936 

Sears, 

Roebuck 

and 

Co. 

Mont- 

gomery 

Ward 

&Co. 

Sears, 

Roebuck 

and 

Co. 

Mont- 
gomery 
Ward 
& Co. 

Sears, 

Roebuck 

and 

Co. 

Mont- 
gomery 
Ward 
& Co. 

January 

21,971 

14,779 

23,776 

17,418 

27,672 

18,508 

February 

20,594 

15,422 

23,668 

17,905 

27,580 

17,855 

March 

25,280 

18,312 

31,980 

22,783 

36,081 

24,845 

April 

25,165 

20,872 

34,073 

25,571 

39,011 

30,403 

May 

30,137 

20,935 

35,190 

22,915 

44,923 

30,295 

June 

27,064 

19,266 

35,131 

23,822 

46,359 

30,330 

July 

21,496 

15,891 

29,594 

20,293 

39,634 

25,636 

August 

25,219 

18,915 

29,553 

22,849 

38,903 

27,422 

September 

29,904 

23,093 

34,301 

25,173 

47,617 

33,357 

October 

34,430 

29,704 

44,048 

35,879 

58,135 

45,455 

November 

33,694 

26,901 

40,867 

30,910 

49,014 

36,979 

December 

41,947 

34,684 

51,338 

39,475 

66,433 

51,789 


Source: Survey of Current Bueineee, 


a. Present the data in the above table as an arithmetic time chart. Does the 
chart clearly compare the amount of sales of the two stores over the same period? 

h. Present the data in the above table as a logarithmic time chart. Does the 
chart clearly compare the rates of change of sales of the two stores over the period? 
c Analyze your charts and hand in a brief report of your analyses. 

27. a. Present the data on the number of commercial failures in the form of an 
arithmetic time curve and in the form of a logarithmic time curve (see Exhibit 51). 

h. Using 1913 as 100 express the number of failures in other years as a per cent of 
the number of failures in 1913 and present these percentages as an arithmetic time 
curve. 


Year 

Number of 
failures 

Year 

Number of 
failures 

Year 

Number of 
failures 


16,032 

1921 

19,656 

1929 

22,908 


18,276 

1922 

23,676 

1930 

26,352 

Hsal 

22,152 

1923 

18,720 

1931 

28,284 

1916 


1924 

20,616 

1932 

31,824 

1917 

13,848 

1925 

21,216 

1933 

19,860 

1918 

9,984 

1926 

21,768 

1934 

11,724 

1919 

6,456 

1927 

23,148 

1935 


1920 

8,880 

1928 

23,844 

1936 

9.186, 


23. Present the following data as a belt chart (see Exhibit 50} : 
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Midvale Department Store 

Cost of Goods, Operating Expenses, and Net Profit, 192S-1937 


Year 

Cost of 
goods sold 

Operating 

expenses 

Net 

profit 

Total 

sales 

1928 

$3,040,172.40 

$1,860,432.47 

$387,132.17 

$6,196,737.04 

1929 

4,132,116.44 

1,932,186.41 

401,327.42 

6,465,630.27 

1930 

2,013,412.80 

1,132,114.10 

104,309.11 

3,249,836.01 

1931 

981,431.41 1 

493,132.11 

42,116.31 

1,516,679.83 

1932 

642,118.92 

321,168.42 

10,214.60 

973,501.94 

1933 

983,114.17 

302,114.07 

41,172.15 

1,326,400.39 

1934 

1,113,417.86 

414,618.35 

120,112.74 

1,648,148.95 

1935 

1,842,191.56 

984,361.12 

114,182.43 

2,940,735.11 

1936 

3,143,861.34 

1,489,361.42 

294,132.14 

4,927,354.90 

1937 

4,132,171.64 

2,167,804.90 

321,432.81 

6,621,409.35 


29 . (Percentage distribution of components over a period.) Reduce cost of goods, 
operating expenses, and net profit in the table of Problem 28 to percentages of total 
sales for each year, and present as a percentage belt chart. (Your chart will be similar 
to Exhibit 50, except that the top of the upper belt will be a straight horizontal 100 
per cent line. 

Prepare a brief analysis of your chart. 

30 . (Simple comparison of arithmetic and geometric progressions.) 

Assume that the following represents the growth of two investments from 1935 
to 1938: 


Year 

Investment 
No. 1 

Investment 
No. 2 

1935 

$1 

$1 

1936 

2 

2 

1937 

3 

4 

1938 

4 

8 


Present the above dc.ta graphically as follows (sec first six graphs in Exhibit 60): 

а. Actual data on arithmetic chart. 

б. Percentage relatives (1935 = 100 for both series). 

c. Percentage relatives (1935 = 100 for No. 1, and 1938 = 100 for No. 2). 

d. Same as a, but on semi-logarithmic chart. 

e. Same as 6, but on semi-logarithmic chart-. 

/. Same as c, but on semi-logarithmic chart. 

Analyze your curves and explain what each graph shows. 
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STATISTICAL DISTRIBUTIONS 

To facilitate interpretation and analysis, unorganized statistical 
data must be arranged or grouped in an orderly manner. When thus 
arranged or grouped, the data constitute a statistical distribution. 

The most common bases of arrangement or classification are: (1) 
kind, (2) size, (3) location, and (4) time of occurrence. Distributions 
according to these bases will now be considered and illustrated. 

Distribution According to Kind. — When the data represent kinds of 
objects or kinds of characteristics, the distribution may be made on the 
basis of kindj rather than upon size, location, or time. In Chapter IV, 
Part A of Exhibit 5 (page 49) presented the purchases of the Western 
Elevator Company according to the kinds of grain. Similarly, the kinds 
of people in the United States are shown in the Federal Census Reports - — 
kinds being stated by race, by nativity, by sex, etc. Many classifications 
by kind will be found in business data, such as distributions by kind 
of consumer, by kind of product, by kind of raw material, or by kind 
of workers. 

Distributions by Size or Degree of Variation. — Some data are col- 
lected in the form of varying sizes of one variable quality. Thus, if 
earnings of laborers are compiled, the data will present varying sizes or 
variations in degree of one variable, namely earnings. 

There are two principal types of distributions by sizes of the items. 
One, the array, does not group the data into classes, but merely presents 
them in an order of size arrangement. The other, ihe frequency distribu- 
tion, presents the data according to occurrence by size classes. 

The Array. — If we were to collect data on the incomes of families 
living in New York City, listing each amount of income in the order 
observed, our collection would appear as an unorganized mass of details. 
Each family income would have no size relationship to the adjacent 
incomes listed, for the adjacent amounts might be slightly or very much 
higher, or lower, depending upon chance circumstances. 

However, if the incomes were arranged in order of size from the small- 
est to the largest (or rice versa), each item being listed even though incomes 
of given amounts were repeated one dr more times, the result would be 
an orderly presentation of the incomes of New York families. Such a 
distribution is called an array; it is a di st rihvMon in which the varyi ng 

182 
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sizes^ .are §hown in the order of sizcy with every value listed. A tabular 
illustration of an array is given in Exhibit 63. 

The array, because it shows the value of every observed case, is not 
always a practical form for presenting a large number of items. In 
showing a small number of observations, however, it is often useful. 
What is the population of each of the 10 largest cities in the United 
States? In answering this question, it is natural to present the cities 
according to the variation in the attribute, population, in order of size, 
and the result is an array. Furthermore, if we wish to show the annual 
sales of certain department stores in a city, it is probable that we would 
list the stores in the order of size of sales. Whether the varying sizes 
of sales are shown in the order from the largest to the smallest or from 
the smallest to the largest is immaterial; in either case, the result is an 
array. It may bo added that the largest size will ordinarily be given first, 
if this size is important for the purpose of the distribution, but if greater 
interest or importance is attached to the smaller cases, these will be shown 
first. 

The Frequency Distribution. — When a large number of variate values ’ 
are to be presented, as, for example, the incomes of all families in New 
York City, a condensation of the data may be advisable. A condensed 
presentation of data is obtained by use of the frequency distribution. 
The nature and use of the frequency distribution will be discussed in the 
followhig pages. 

Nature of the Frequency Distribution. — If one should read through 
an array of the family incomes in New York City, would he be able to 
tell whether many earned large, medium, or small incomes? The 


' Varying sizes are call(jd ^‘variato values” in statistical terminology, hut only 
variables have variate values. A variable is anything which can be quantitatively 
measured, and the measurements of a variable are its variate values. Thus, income 
is a variable; income can be and usually is quantitatively measured, and the quantities 
of income are usually stated in numerical rather than in general terms. Likewise 
wages, sales, and population are all variables, and each is commonly measured in 
numerical terms. 

On the other hand, some qualities arc not variables for they cannot be quanti- 
tatively measured. Religion is not a variable; neither is sex; nor is nationality. 
While it is to be recognized that these qualities or attributes vary in different persons, 
they do not meet the test of a variable in statistical language, for we cannot measure 
them in any other terms than kind (rather than degree) of variation. 

Occasionally a quantitative measurement is arbitrarily used in describing a 
quality that is not essentially capable of direct measurement. To illustrate, knowl- 
edge ordinarily is not a variable according to strict statistical terminology for we do 
not commonly think of numerical quantities of knowledge. But if we apply a 
system of numerical measurement to this quality, such as a percentage grading sys- 
tem, it then becomes a variable and the numerical measurements used in describing 
it are its varying or variate values. 
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largest income might be noticed and the smallest also might be observed. 
But, if one were to attempt to obtain from an array the significance of 
the distribution of the numerous cases between the largest and the 
smallest, he would find it difficult to get a clear idea of the incomes by 
reading through the details. In other words, from a mere reading of the 
data in an array, one would have difficulty in determining how mwy 

SMITH MOTOR CAR COMPANY 
Salbs op Automobiles by Amounts op Invoices 
Week ended September 17, 1938 


Invoice No. 

Name 

Amount 

910 

11. L. Owens 

$3,050.00 


B. L. Smith 

3,020.00 

896 

T. W. Evans 

2,750.50 


K. C. Wright 

2,750.00 

893 

D. D. Griffin 

2,750.00 

908 

G. H. Benson 

2,500.00 

892 

F. L. Barber 

2,450.00 

903 

W. W. Wheeler 

2,375.00 

895 

E. 8. Fisher 

2,000.00 

904 

C. S. Bradford 

1,875.50 

907 

R. S. Craig 

1,800.00 

909 

B. I. Singer 

1,800.00 

894 

T. W. Stone 

1,750.00 

897 

H. K. yttle 

1,750.00 

902 

G. P. Fisk 

1,750.00 

905 

F. H. White 

1,750.00 

898 

T. F. True 

1,725.00 

911 

A. L. Thrift 

1,500.00 

906 

E. W. Hill 

1,500.00 

900 

W. A. Lyons 

1,475.00 

901 

L. M. Parker 

1,450.00 


Total 

$43,771.00 


Exhibit 63. — An array according to amount of invoice. 


received approximately $1,000, or how many received approximately 
$2,000, as compared with other- significant amounts. 

To grasp the significance of a large number of varying values, these 
values must be grouped. W hen th ey are grouped into size classes and 
these, claes^.axejOTanged in b order of magnitude, the result is a 
fr equency distri hiitinn. The grouping into size classes may be obtained 
(1) by showing the number of times each size occurs, or (2) by showing 
the number of times sizes occur within size intervals. Stated in another 
way, one type of frequency distribution shows the frequency of occup 
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rence of given sizes, while the other type shows the frequency of occur- 
rence of sizes within certain class intervals. 

To illustrate the first method, let us suppose that it is desired to 
obtain a frequency distribution of family incomes in New York City 
from the data previously suggested. We might present the incomes 
by classes of income, each class being a size of income found in the data. 
Opposite each class we would then list the number of times that particular 
size of income is found. For example, in the $2,000 class of income we 
might find 50,000 families receiving exactly that income. If the next 
highest income is $2,001 and 450 families are found receiving exactly that 
income, these amounts would be presented respectively as the next class 
and the frequency of occurrence for the class. Then, if it is found that 
the next highest family income is exactly $2,002 and 700 families are 
receiving that income, the class $2,002, and the frequency, 700, would be 
shown. In other words, by this method the number of times a given 
size occurs (that is, the frequency of sizes) is presented. In the ordinary 
tabular presentation, the sizes of the variable will be listed from the 
largest to the smallest, or vice versa, in a column on the left of the page; 
and the frequency of occurrence of each varying value will be listed in an 
adjacent column to the right. Where there are many varying sizes, the 
number of classes under this method will be too large to give a clear 
picture of the whole. 

By the second method mentioned above, a further condensing may be 
obtained, for by this plan certain value limits are determined upon, and 
all sizes found within the interval between these value limits are listed 
as the frequencies of occurrence. Thus, in showing family incomes, class 
limits of $1,500 and $2,000 might be taken, and the number of families 
found to have incomes within these limits would be shown as the fre- 
quency of occurrence for this class. The same thing would be done for 
the class, $2,000 to $2,500, and so on. 

Non-continuous and Continuous Series. — To understand when to 
group the cases according to each individual value and when to group 
them according to an interval or class of values, we must recognize two 
types of varying values. The measurements for some variables are 
expressed in units which must necessarily differ from each other by 
definite equal amounts, while in other series it is possible for the varying 
sizes to differ from each other by infinitesunally small amounts. The 
former type of data— namely, wher e the varying values differ from eac h 
ot her by definite eoua) amo un ts’! — ^is known as 

The latter type— namely, where the varying valu es occur j^sizgs^w^^ 

^ Non-continuous scries are also called discrete** or ** broken series. 
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di ffer from ench^ oth^ by infinitesiimJ aagiounts — is knAwn as a json- 
iinuoua series ! 

T!!BE PARIS STORE 
Sizss OF * Man’s Shoes Solo in 1937 


Number 

Size of pairs 

4i A 5 

5 10 

5i 20 

6 25 

6i 75 

7 .150 

7i 300 

8 475 

8J 410 

9 375 

9i 220 

10 125 

lOi 75 

11 20 

11* 16 

12 6 

Total 2,305 


Exhibit 64. — Fre<iuency distribution according to individual sizes. (Non-con tinuous 

series.) {Data adapted,) 


THE PARIS STORE 
DISTRIBUTION OF SALES OF MEN'S 
SHOES BY SIZES -1937 




.dillribution of sliift of 



fi^oos sold by 
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Paris Store is presented in t(yt>ular fofrm in Exhibit 64 in graphic 
form in Exhibits. 65 and 66. * This distribution is of a non-continuous 
nature. Although sizes are quoted in half ^ts, the differences between 
these half units is relatively large, for the eptire rangn or spread from the 



Exhibit 06, — Data of Exhibit 64 presented as a broken curve or frequency polygon. 

(Compare with Exhibit 65.) 

smallest to the largest is only from 4^ to 12.^ Therefore, in this table 
there are only 16 class sizes and the classification shown is according to 
each size or measurement. This type of frequency distribution is prefer- 
able in presenting non-continuous data® when the number of sizes is 
small enough to condense the presentation adequately. 

^ Only vertical bars should be used when presenting a frequency distribution in the 
form of a bar chart. The bar chart in Exhibit 65 is read in the same manner as the 
curve in Exhibit 66. In a chart like EJxhibit ft6, which shows a non-continuous series, 
the plotted points should be connected with straight lines. Ideally, the curve for a 
continuous series should be smoothed, b^t ill practice, it is usually shown as points 
(connected with straight lines also. ii 

* Obviously if the spread of sizes 4rere frdm 1 to 1000, a difference between each 
size quotation of i an integer woulc^bd reSttivel/ small; but where the spread is 
from 4} to 12, a difference of J is itelaiively Ihrge. 

» Sometimes thfflo is difficulty from a practical point of view in determining 
whether a series is continuous’ or non-continuous in nature. Naturally it is hard to 
draw a line between these two classes, for it is difficult to decide when data am not 
sffttdentl^ contittuchis td be classed as continiffms and, conversely, when 
tinuous data become too continuous to b^ called non-continuous. 

In determining the chartcter of data, statisticians ponsidw i^lb the^nat^ of 
the pirlidilat^shfe of wite, 

dd^mines whethdl^ilie are odjrldnuous or non-coatinuo«te** TMfee, thfe 
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Classiflcatioii by Class Intervals. — Exhibit 67 presents the form of 
frequency distribution in which the classes are not stated in certain sizes, 
but as intervals within which various sizes may occur. 

DlSTBIBUnON OF EMPLOYEES IN' PLANT 6 BY WEEKLY EaRNINGS 

Week ending July 23, 1038 


Weekly 
earnings in 


Number of 

dollars 


employees 

10.00-11.99 


3 

12.00-13.99 


6 

14.00-15.99 


10 

16.00-17.99 


15 

18.00-19.99 


24 

20.00-21.99 


42 

22.00-23.99 


75 

24.00-25.99 


90 

26.00-27.99 


79 

28.00-29.99 


55 

30.00-31.99 


36 

32.00-33.99 


26 

34.00-35.99 


19 

36.00-37.99 


13 

38.00-39.99 


9 

40.00-41.99 


7 

Total 


509 


Exhibit 67. — Frequency distribution accordinig to class intervals. 

If the actual earnings of the 509 employees in Plant 6 had been shown 
in the form of an array, 609 items would have been listed. If there had 

which wages may be measured is relatively small and; generally speaking, wages are 
classed as continuous data. Likewise sales, incomes, production, and many other 
commonly quoted business data are considered to be continuous in nature. 

Interest rates, however, are non-continuous in nature, as the interest rates for 
most types of loans are expressed in units varying but } of 1 per cent with a total 
probable variation of from about 2 per cent to 8 per cent. Therefore, a variation 
of } of 1 per cent in interest rates is relatively large. 

Lastly, it will be well to note that in a given case continuous data may appear to 
be non-continuous and may be treated as such in determining the form of frequency 
distribution to be used. Thus, while wages of workers can be expressed to a fraction 
of a cent and are continuous in nature, in a given factory wages may be non-con- 
tinuous. If a wage scale with relatively wide steps or gradations has been adopted in 
a given factory, the wages of workers in this instance will be non-continuous. How- 
ever, it is to be noted that the wage scale must have relatively large steps between 
different wage rates if it is to be classed as non-continuous. hi many factories, the 
wage scale has relatively small variations and does not remit in a non-continuoua 
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been listed each weekly wage amount and the number of employees who 
received that weekly wage, a frequency distribution showing somewhat 
less than 509 classes would have resulted (assuming that some of the 
workers received exactly the same weekly wage). By grouping the 
employees by classes of earnings, as shown in Exhibit 67, the 509 items 
are collected into 16 classes, and a condensed picture of the whole distri- 
bution in Plant 6 is obtained. 

The Range — Class Intervals — Class Limits — Mid-points. — There are 
several terms which should be thoroughly understood in studying fre- 


No. or 
EMPLOYEES 


DISTRIBUTION OF EMPLOYEES IN PLANT 6 
BY WEEKLY EARNINGS 
WEEK ENDING JULY 23, 1938 







■ 

■1 

8 

■1 

■ 

■ 

■1 

■ 

■ 

■ 

•— 

) — 

D — 

D 

0 



— • 


■ 

m 

Bi 

■ 

■ 

■ 

1 

■I 

1 

- 

— 

1 



.J 



■ 

■ 

■ 


/ 




.j 


-- 


■ 

■ 

71 








■ 

1 

m 











P 

■ 

m 








D 



> 

m 

■ 










0 

I 

B 

m 










a 


0 


■ 





n < 

9> < 


S> 1 

Z> ! 

■ 

9 


^ 5 


” ” earnings in dollars per week 


^ 


Exhibit 68.— A smoothed curve of the data presented in the table of Exhibit 67. 

quency distributions. The nature of thc ,raMe.may already be familiar; 
it is the difference between the smallest and the largest ci^e. 1 he range 
withiiLa .cla8s5E«rfluELoiit^ 

is, it is the interval between the smallest and the largest possible cases m a 
given class. The smallest and the larg_^t possiWe cases withm a.^n 

that is, they are the dividing points between 

classes. The point mid-way between the , class , limits 

frequency dieWbution preeen^d in the inble of EnhibU W 
and in the chart of Exhibit 68, the range is from $10.00 up to (but not 
including) $42.00, or it is $32.00. Perhaps the actual range of wage 
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earnings in Plant 6 was not exactly $32.00, because there may have been 
no one earning as low as $10.00 nor may there have been any worker 
receiving as high as $41.99 per week. However, the range of the frequency 
distribution which includes these class limits is $32.00. 

The class intervals in Exhibits 67 and 68 arc $2.00 between the class 
limits of $10.00, $12.00, $14.00, etc. A difficulty arises in stating class 
limits because in reality one class begins an infinitesimal amount above 
where the next lower class ends. Therefore, when class limits are stated 
as $10.00 and $11.99, it must be realized that the upper limit ($11.99) 
means up to $12.00, and $12.00 is included in the next higher class ($12.00 
to $13.99). In business statistics, it is sometimes both practical and 
adequate to express the classes in terms of the simpler limits, namely 
$10.00 to $12.00, $12.00 to $14.00, etc. The dividing points must be 
clearly kept in mind, however, and a consistent viewpoint must be 
maintained in classifying the data. Such a statement of the limits is 
taken to mean from and including $10.00, up to but not including $12.00, 
etc. The exact meaning of such a statement of the limits must be clearly 
understood because it is essential to keep in mind the classes as they 
actually exist. 

The mid-points of the above classes are $11.00, $13.00, etc. A mid- 
point is a point located equidistant from the limits of the class in which 
it is situated. In determining the mid-point of a class, we must recognize 
that there is in reality but one dividing point between classes. Therefore, 
the mid-point is found by adding together the class limits and dividing 
the sum by two. For example, we add $10.00 and $12.00 together and 
divide by two to get the mid-point $11.00, just mentioned. Although 
the limits are expressed as $10.00 to $11.99, we find the mid-point by 
considering the $11.99 as $12.00, as the expression $11.99 represents the 
point as infinitely near $12.00 as it is practicable to measure it. 

Determining the Class Interval. — There are four main considerations 
in determining the size and location of the class interval. These are : 

1. The range. 

2. The number of classes. 

3. The position of the class limits. 

4. The representativeness of the class mid-point. 

The range of the data and the number of classes tend to determine 
the size of the class interval. Although there are important exceptions, 
it is generally considered that a frequency distribution should not have 
more than 25 classes, nor should there be less than 10. The reason for 
this is that more than 26 classes results in an unwieldy table, .while less 
than 10 usually will not show the distribution in sufficient detail. The 
size of the class interval can be obtained by dividing the number of 
classes into the range. Thus, where the ra.nge is large the tilass interval 
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will tend to be large, and where the range is small the class interval will 
tend to be small. 

It is well to have the class division points expressed in round numbers 
when convenient, such as in multiples of 5, 10, 50, 100, 500, or similar 
numbers which are easily comprehended. When fractions are used it is 
preferable to state them as decimals in multiples of .05, .10, .25, etc. 
Also, the class limits should be located so that there is a tendency toward 
a balanced distribution of cases within each class. Thus, if the earnings 
represented by Exhibit 67 happen to be for the most part near the lower 
limit of each class throughout the entire distribution, then the class 
interval shown has not been well chosen. 

The mid-point of the class is important because it is sometimes taken 
to represent the entire class to which it belongs. When cases are grouped 
within given class limits, the exact sizes of these cases are not given. All 
that is shown concerning the sizes of the cases falling in a given class 
interval is that there is a certain number of (;ases which may vary in size 
between the class limits. When it is necessary to use one figure instead 
of the class interval, the mid-point of the class is taken as the value of 
all cases within the interval.^ For this reason, the class interval should 
be chosen so that on the whole the mid-point will be reasonably repre- 
sentative of the values which actually fall within the class limits. 

It will be seen that the problems of choosing the proper size and of 
locating the position of the class interval are interdependent. The size 
of the interval is dependent upon the range and the number of classes, 
and yet it is also dependent upon obtaining the dcjsinxl position of 
class limits and of the class mid-point. The weight to be given to each 
of these factors will naturally depend upon the purpose of the frequency 
distribution and upon the uses for which it is being prepared. 

Smoothing a Frequency Curve. — In order to explain further the nature 
of a frequency distribution of a continuous series, some of the more impor- 
tant points involved in .mioothing a frequency curve will be discussed. 

When smoothing a frequency curve of a continuous series, care should 
be taken to keep the area under the curve the same as if a column dia- 
gram (Part A, Exhibit 69), or a broken curve or frequency polygon 
(Part By Exhibit 69), were constructed. In the diagram of Part A, 
the total area of the columns represents the magnitude of the total number 
of observations, and a part of this area represents the magnitude of a 
certain part of the observations. For instance, if two spaces on the 
horizontal scale represent $10, and two spaces on the vertical represent 


1 In Chap. VIII, methods of analyzing and condensing frequency distributions will 
be considered and the importance of having mid-points expressed in amounts which 
are easy to use in further analysis will become evident. 
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100 occurrences, 100 X SIO, or $1,000, is the value of the occurrences 
represented by an area of four spaces. The total area under the curve 
in Part B of Exhibit 69 is the same as the area under the column tops in 
Part A, This is illustrated by Part C, which shows that the areas cut 

off of the columns when a broken curve 
is drawn are the same as the areas 
added by the curve to the adjoining 
columns. Nevertheless, while the total 
area is correct in both A and 5, the area 
over any one class is not correct for a 
continuous series in the frequency 
polygon of Part -B. For instance, the 
middle class has lost without gaining 
anything (see Part C). This must bo 
considered when smoothing the curve, 
and usually the best method is to draw 
the curve so that the areas gained and 
lost by each column will be equal (see 
Exhibit 70).^ Thus, the top of the 
curve should slightly overtop the 
highest plotted point, as in Exhibit 70. 

In actual practice, the column dia- 
gram is not ordinarily drawn in as a 
basis for drawing the smoothed curve, 
but the proper allowances are made by 
keeping in mind the principles of the 
area distribution as above described. 
The smoothed curve then represents 
the normal tendency or approximate 
U I I I I nature of the distribution indicated by 

— the plotted points of the sample, and it 

3jj[p is ordinarily desirable to have the 

Fn I I 1 r I I “ smoothed curve overtop the highest 

Ti l l>4j point to represent the probable dis- 
tribution of the cases within the class 
of highest frequency. The purpose of 
smoothing a curve such as that of 
Exhibit 68 is to indicate the normal tendency within the distribution, 
and within each class, using the particular data as a sample, and 





h 


Exhibit 69. — The relation between a 
column diagram and a broken curve. 


^ Note that the area cut of a column and the area added to compensate are 
shaded in a manner to indicate the compensating relation in -Part C, Exhibit 69, 
and in Exhibit 70. 
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this tendency will be misstated nnless the curve overtops the point 
of highest frequency as illustrated. That is, the data plotted are 
only a sample, but the smoothed curve is designed to indicate the nature 
of what the distribution of the universe would be if all of the values 
were plotted instead of a sample grouped by classes. Such a curve is 
sometimes confusing, but it will cause no diflSculty if it is clearly appreci- 
ated that it represents the type or form of the distribution indicated by 
the sample rather than the actual values in the sample by classes. When 
a curve is smoothed from a sample in this manner, the points representing 
the actual values in the sample ordinarily should be indicated on the chart. 



Exhibit 70. — Smoothing a frequency curve. 


If the series b(igiiis and ends with an infinitely small number of oecuir- 
renees, the curve should begin and end on the zero line as illustrated in 
Exhibit 70. 

Ideal conditions are probably never found in analyzing business 
frequency distributions. Very often one has only partial data from which 
to study the tendencies of the distribution. It must be remembered, 
however, that business data are full of actual irregularities, and that 
smoothing must not obscure any except the minor irregularities which 
are not thought really to exist. If an irregularity is such that it would 
not be eliminated by further sampling, it should not be smoothed out. 
If smoothing is freely indulged in, it is well to indicate the points from 
which the curve is made (see Exhibit 71).^ 


1 The principle of smoothing illustrated in Exhibit 71 should not be confused with 
that illustrated in Exhibit 70. In Exhibit 71, the object is to show the tendency 
indicated by the irregular data, and the low frequencies for the class interval 45 to 50 
and 56 to 60 would prevent the curve from overtopping the highest point at the 50 to 
55 class interval. 
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Absolute rules cannot be laid down for smoothing frequency curves, 
for each problem must be considered according to the representative 
character of the data, and the curve should be plotted which will best 



Exhibit 71. — Indicating tendency by freely smoothing curve. (On this typo of chart 
it is important to indicate the plotted points.) 

suit the purpose for which the graph is made. The principles just dis- 
cussed, however, are fundamental, and a thorough understanding of them 
is of great value in analyzing and interpreting frequency distributions. 

Fundamental Types of Frequency 
Distributions. — In general, fr(»- 
qucncy distributions may be classi- 
fied under four fundamental simple 
types — namely, the symmetrical 

(Part Aj Exhibit 72), the moderately 
asymmetrical (J5), the J-shaped (C), 
and the rarely occurring U-shaped 
(D) . While the * * bell-shaped curve ’ ' 
is known as the normal frequency 
curve, business data more commonly 
describe forms similar to Parts B 
Exhibit 72.— Fundamental types of fre- and C, Exhibit 72. An appreciation 
quency distributions. ^he fundamental nature of the 

normal frequency curve, however, is very important to an understanding 
of the problem of sampling, and the subject will be discussed at some 
length in a later chapter. The form illustrated by Part C is very com- 
monly found when studying such distributions as sizes of stores, sizes 
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of towns and cities, and the like, where the general tendency is that the 
greatest frequencies are in the small sizes and the lowest frequencies are 
in the large sizes. ^ 

Uniform and Non-uniform Class Intervals. — In the type of frequency 
distribution just discussed — namely, where class intervals are shown— 
each class interval ordinarily should have the same class range as the 
other intervals in the distribution. But there are exceptional cases 
where this rule may not be a practical one, as in certain population or 
income distributions. 

Where a uniform class interval would result in the placing of nearly 
all cases in a few groups and a scattering of a few remaining cases among 
the remaining intervals, it is often permissible to adopt (dass intervals of 
varying sizes. Thus, although the range of incomes that will be found in 
any large city is very great, it is probable that 98 per cent of the cases will 
fall within a very small range and, in certain instances, the class intervals 
within this small rang(‘ should be mucli smaller than those outside of it. 
Occasionally, the rule of ecjual class intervals is not a practical one, for 
other reasons. For example, in a marketing survey it may be advisable 
to classify consumers according to unequal class intervals of income. 
The income interval from SI, 750 to .$2,000 may be just as important a 
range as the interval betwecui $4,000 and .$5,000, because a dollar 
means more to the consumers in the first group than to those in the 
second. A person in the first group will probably try as hard to save 
$1 as one in the second group wdll try to save $4. Therefore, the class 
intervals, $1,750 to .$2,000 and $4,000 to $5,000, may actually be about 
equal from the standpoint of the consumer\s desire to save. 

However, as we shall see in the following chapters, where further 
analyses of the distribution arc to be made, it may be advisable to have 
all intervals of the same numerical size. The reason for this is that it is 
difficult to compare accurately the cases presented in a class interval of 
one size with the cases presented in a class interval of a different size. 

Classes must not be omitted within the range of the entire distribution. 
Even though no cases occur with a given class value or within a given 
class interval, the class or the class interval must be shown if it is within 
the range. In Exhibit 64, for example, if there had been no shoes sold 
of size 5J, this size should, nevertheless, be shown and the number of 
pairs, or frequency, should be shown as zero. Also in Exhibit 67, if 
there had been any class interval within the range in which no actual 
earnings were found, this class interval should be shown and the number 
of employees should also be shown as zero. An illustration of this 
practice will be found in Chapter VIII, pjxhibit 85, page 165. 

^ See G. U. Yule and M. G. Kendall, “An Introduction to the Theory of Statistics, “ 
Chap. 6, pp. 82-111, Charles Griffin & Company, London, 1937. 
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Sometimes the class interval at either extreme of the table is stated 
in indefinite terms. Thus, in Exhibit 67, the lowest class might have 
been stated as under $12,'' and the highest class as ‘*$40 and over.’' 
Such a table is called an open-end table, and usually should be avoided 
where possible. It will be obvious that unless definite limits are given 
to all class intervals, no mid-point value can be obtained and, therefore, 
no representative size can be assumed for the cases falling within the 
unlimited intervals. 

Comparison of Classification by Each Value and Classification by 
Class Intervals of Values. — It will be noted that in Exhibit 64 none of the 
details of the data on sizes^ of men’s shoos sold in 1937 by The Paris 
Store have been lost by our frequency distribution form of presentation. 
In other words, where data can be presented in a frequency distribution 
with classes in terms of the individual values, the value of each and every 
case is presented. However, where a class interval is the basis of the 
classification, as in Exhibit 67, the values of the individual cases repre- 
sented in the frequency distribution are not shown. Thus, it may be 
said that by the method of Exhibit 64 none of the characteristics of the 
original data are lost, but by Exhibit 67 only an approximation of the 
original data is shown. 

It is not to be considered that either method is always the better; the 
former should be used for a distribution of non-continuous series with a 
small number of sizes, and the latter method should be used for con- 
tinuous series and for non-continuous series with a large number of 
sizes. A presentation of non-continuous series in a frequency distribu- 
tion having class intervals is to be avoided when the number of size 
variations is small, for it is difiicult to arrange the class intervals so that 
there is a balanced distribution of cases within each interval, and so 
that the mid-point of the class interval is representative of the non-con- 
tinuous series. 

Cumulative Frequency Distribution. — Up to this point, only simple 
frequency distributions have been considered, such as the series presented 
in Exhibit 67, page 138, which is repeated in the first column of data 
in the table of Exhibit 73. In addition to the simple frequency dis- 
tribution, it is often desirable to present series in the cumulative forms 
shown in the last two columns of the table in Exhibit 73. Frequency 
series are made cumulative when successive frequencies are added 
together so that each class includes all the lower or upper classes, depend- 
ing upon the end of the range from which the cumulative process begins. 
Curves of the last two columns in Exhibit 73 are presented in Exhibits 


* The sizes of shoes given in Exhibit 64 do not consider variations in width within 
each size. 
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74 and 75. A. cumulative frequency curve is often referred to. as an 
*^ngiveI!jQiLl^ Srmr ye,^ 

A decision as to which end shall be the starting point of the cumulating 
process depends upon the purpose of the data. If cumulating proceeds 
from the lesser to the greater, the corresponding frequencies are read 
'4ess than^’ as in the next to the last column in Exhibit 73 and in the 


Distribution of Employees in Plant 6 by Weekly Earninos 
Week ending July 23, 1938 
Cumulative frequencies 


Weekly 
earnings in 
dollars 

Number of employees 

Simple 

frequency 

Cumidativc 

Less than* 

! frequency 

More than* 

10.00-11.99 

3 

3 

509 

12.00-13.99 

6 

9 

506 

14.00-15.99 

10 

19 

500 

16.00-17.99 

15 

34 

490 

18.00-19.99 

24 

58 

475 

20.00-21.99 

42 

100 

451 

22.00-23.99 

75 

175 

409 

24.00-25.99 

90 

265 

334 

26.00-27.99 

79 

344 

244 

28.00-29.99 

55 

399 

165 

30.00-31.99 

36 

435 

110 

32.00-33.99 

26 

461 

74 

34.00-35.99 

19 

480 

48 

36.00-37.99 

13 

493 

29 

38.00-39.99 

9 

502 

16 

40.00-41.99 

7 

509 

7 


* In this table, “Leas than” applies to and includes the upF>er limit of the class, while *' More than” 
applies to and includes the lower limit. 

Exhibit 73. — The data of Exhibit 67 cumulated on both “Less than” and “More than” 

bases. 


graph in Exhibit 74. If it proceeds from the greater to the lesser, the fre- 
quencies are read *^more than’^ as in the last column of Exhibit 73 and 
in the graph in Exhibit 75. In a table like the one in Exhibit 73, when 
cumulations are read ‘‘less than” they refer to the upper limits of the 
classes and when they are read “more than” they refer to the lower 
limits. It should be noted also that the class limits are included when 
intervals are used such as those in Exhibit 73 (see footnote to the table). 
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Referring to the charts in Exhibits 74 and 76, it will be noted that a 
curve of the “less than” form extends from the lower left to the upper 



Exbibit 74. — Data of Exhibit 73 presented as a cumulative curve on a “less than" 
basis. (Compare with Exhibit 68, which shows the same data presented as a simple 
frequency curve, and with Exhibit 75, which shows the same data as a “ more than " curve.) 



right, and that a “more than” curve extends from the upper left to the 
lower right. In either case as the curve approaches the vertical, rela- 
tively higher frequencies are. represented. 
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This form of distribution is used in special cases as, for instance, where 
serial bonds have been issued which are secured by equipment, and it is 
desired to show how much of the equipment will be in use at each matur- 
ity date of the bonds. Thus, by this form of table, the remaining security 
can be compared with the remaining bonds. In other words, this table 
would show the value of the equipment which lasted one year or longer, 
two years or longer, three years or longer, four years or longer, etc. 


Distribution of Male Employees in Plants 2 and 3 by Ages 
Week ending July 9, 1938 


Age to 
nearest 
year 


Plant 2 

Plant 3 

Number 

Per cent 

Number 

Pei cent 


15 

17 

0.1 

0 

16 

120 

1.0 

0 

17 

426 

3.4 

0 

18 

763 

6.2 

0 

19 

1,020 

8.3 

0 

20 

1,380 

11.2 

7 

21 

1,500 

12.2 

83 

22 

1,410 

11.4 

167 

23 

1,139 

9.2 

278 

24 

980 

7.9 

302 

25 

860 

7.0 

421 

26 

719 

5.8 

562 

27 

600 

4.9 

607 

28 

516 

4.2 

411 

29 

380 

3.1 

301 

30 

231 

1.9 

243 

31 

106 

.9 

199 

32 

72 

.6 

149 

33 

61 

.5 

70 

34 

26 

.2 

26 

35 

0 

0 

2 

Total 

12,326 

100.0 

3,828 


Exhibit 76. — Percentage distributions of frequency scries. (See 

charts of above data.) 


0 

0 

0 

0 

0 

.2 

2.1 

4.3 

7.3 

7.9 

11.0 

14.7 

15.9 

10.7 

7.9 

6.3 
5.2 

3.9 
1.8 

.7 

.1 


100.0 

Exhibits 77 and 78 for 


Comparing Frequency Distributions— Percentage Tables and Charts. 

Frequency distributions may be compared on the basis of numbers, as 
illustrated in Exhibit 77. It will be noted in this chart, however, that 
the differences in the altitudes of the curves interfere with the com- 
parisons of the distributions. Hence, it is often advisable to place the 
large and amw.11 groups on an equal basis by reducing the frequencies to 
percentages, as shown in Exhibit 76. These percentages axe shown 



150 


BUSINESS STATISTICS 



Exhibit 76.) (Compare with Exhibit 78.) 
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graphically in Exhibit 78. In these Exhibits (76 and 78), the total 
number of employees in each plant is taken as 100 per cent and the 
percentage for each class represents the proportion the corresponding 
number is of the total. 

In analyzing the curves in Exhibit 77, it would be easy to assume that 
the proportion of employees of 21 years of age in Plant 2 is greater than 
the proportion in Plant 3 that are 27 years of age. That the opposite is 
true, however, is shown directly and accurately by the percentage curves 
in Exhibit 78. 


DISTRIBUTION . OF HOURS PER WEEK IN THE 
BOOT AND SHOE MANUFACTURING INDUSTRY 
JULY 1933 AND SEPTEMBER 1934 



SOURCE* BUREAU OF LABOR STATISTICS FOR 1933 
AND BUREAU OF THE CENSUS FOR 1934 


Exhibit 79. — Comparison of percentage eumulativc frequency curves. 


When cumulative curves arc being compared, better results can 
be obtained in many in.staiices if the frequencies arc reduced to per- 
centages, since proportional size changes of the frequencies and the regu- 
larity of the distribution can bo appreciated more readily. The change 
in the proportions of employees working designated lengths of weeks 
in the boot and shoe manufacturing industry from July 1933 to September 
1934 is clearly shown by the percentage cumulative frequency curves 
presented in Exhibit 79. The dots on the chart show the actual fre- 
quencies and the curves are smoothed to show tendencies. 

Summary of Distributions According to Size —It has been shown that • 
statistical distributions setting forth varying sizes are of two general 
types— (1) the array, and (2) the frequency distribution. The array 
shows the numerical value of every case, even though some of the values 
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may be repeated; it presents these values in an orderly arrangement 
proceeding from the smallest to the largest, or from the largest to the 
smallest. The frequency distribution classifies the varying sizes accord- 
ing to the number of times a given measurement occurs, or according 
to the number of times measurements are found within certain class 
limits. A third type of frequency distribution is sometimes used, namely 
one in which the cumulative frequencies, that is, the accumulated totals 
of the frequencies, are presented. 

There remain to be considered statistical distributions according to 
location, called geographical distributions, and statistical distributions 
according to time of occurrence. 

Geographical Distributions. — In such problems as analyzing markets, 
appraising real estate, and determining locations for stores, banks, or 
factories, it is important to consider the distribution of many factors 
throughout the areas under consideration. Such distributions are 
ordinarily referred to as “geographical distributions.’’^ Sales of com- 
modities are often analyzed according to states, counties, cities, or parts 
of a city. Any one of these geographical distributions of sales is often 
useful in considering such problems as the location of branches or ware- 
houses. Such studies are also of great value in measuring the relative 
efficiency of different divisions of the sales department. Such geograph- 
ical distributions as those showing vacancies in residential structures are 
of practical interest to landlords, tenants, realtors, construction compa- 
nies, lumber companies, grocers, furniture retailers, investors, and count- 
less other business men whose profits are directly or indirectly affected by 
such situations. 

Numbers or Sizes for Particular Areas. — One of the simplest kinds of 
geographical distributions is that in which simple numbers or sizes are 
considered in relation to certain specific areas. Such a distribution is 
illustrated in Exhibits 80 and 81, which show the number of automobiles 
for each state in the United States on January 1, 1930. The purpose of 
this particular type of map is simply to show numbers for the particular 
areas. 

In Exhibit 80, the area of each dot is proportional to the number 
represented. This practice is commonly followed, but the numbers are 
not so easily read as in Exhibit 81, in which the dots are uniform in 
size and the numbers of automobiles are represented by placing the proper 
number of dots in each state. In this map the dots are carefully lined 
up and evenly spaced, which makes it easy to determine the approximate 
number of cars in each state. The purpose of the maps in Exhibits 80 
and 81 is simply to show numbers for the particular areas; such maps 


^ Geographical distributions are also referred to as spatial distributions.” 
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should not be confused with Exhibit 82, where the primary purpose is to 
show density rather than size. 

Densities. — If the problem is to study densities rather than numbers 
(or sizes), the data may be presented as in Exhibit 82. Ordinarily, in 
studying geographical distributions, the densities are more important than 
the numbers. The important questions are: Where are the points show- 
ing a high degree of concentration? or. Where are the sparse distributions? 
Numbers are not well shown by the type of map illustrated in Exhibit 82, 
but the relative densities are clearly indicated. In making such a map 
the value should be assigned to the dot that will best fit in between the 


DISTRIBUTION OF AUTOMOBILES IN 
THE UNITED STATES- 1930 

JANUARY I 



Exhibit 82. — The use of dots for the purpose of indicating density of distribution. 

extremes — that is, the value should not be so small that there would not 
be room for the dots in concentrated areas (they may run together 
but there should not be more than one layer), and yet the unit should not 
be so large that important data in the sparse areas would be incorrectly 
represented or omitted. On a density map, the dots should be spread 
evenly over the unit of area and care should be taken to see that they are 
uniform in size. Since the areas of the states on the map are proportional 
to the actual areas, the dots are automatically distributed on a square- 
mile basis if they are spread evenly over each state. Density maps, like 
Exhibit 82, show the average distributions for each state, and do not 
show the concentration at large cities. For many purposes, it is necessary 
to use much smaller units of areas, such as counties, in a study of the 
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United Stntes^ . or such as townships, towns, nnd city wnrds, in nia.king 
local surveys. 

Data Distributed Geographically Where Something Other than Area 
Is a Factor. — When a distribution is to be shown where something other 
than area is a factor, such as number of automobiles per thousand of 
population, the density dot map can not be used in the form described. 
One of the best forms for showing such data is the cross-hatched map 


DISTRIBUTION OF AUTOMOBILES IN 
THE UNITED STATES-1930 
CARS PER THOUSAND OF POPULATION 

JANUARY I 



200-275 
f777 125-200 

1 I 50-125 


Exhibit 83. — A method of showing the geographical distribution of the relation between 
two factors. In this case, the relation of cars to population is shown by states. 


illustrated in Exhibit 83, which presents the geographical distribution of 
cars in relation to population. The basic situation can be readily 
appreciated from such a presentation.’ 

Historical Distributions. — The fourth basis of classification is that in 
which time of occurrence determines the classes. In business statistics, 
distributions of data upon this basis are very common. Many business 


1 It will be noted that the shading on this map varies by 25 per cent from one 
class to another. That is, the bottom shade is 0 per cent black, the second 25, 
the third 50, the fourth 75, and the top is 100 per cent black. When only five shades 
are used, this simple method makes them easily distinguishable. Ideally, 100 per 
cent black would represent the saturation point. In this map it is used merely to 
represent the highest class. 
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facts that can be quantitatively stated are fully understood only when 
compared with conditions in other parts of the period under considera- 
tion. The number of automobiles produced in the United States during 
a certain month may have but little significance unless we know the 
production in other months. 

Statistical distributions in which time of occurrence is the basis of 
classification are known as historical distributions. Thus, a historical 
distribution presents the total or aggregate cases occurring within a 
given period of time according to subperiods of time (Exhibit 84). 



Exhibit 84. — A historical distribution of the total construction contracts reported for a 
given area during a certain period. 


Some of the most common illustrations of historical distributions are 
found in production and marketing statistics. Thus, automobile produc- 
tion by months for the year 1938 would be a historical distribution; like- 
wise, sales of automobiles by months for the year 1938 would be the same 
kind of a distribution. 

All presentations of facts according to time of occurrence are not 
historical distributions, however. In the first place, to be historical, the 
data must be related to definite dates, such as certain months or years. 
A curve showing the increases in $1.00 at 5 per cent compound interest at 
1, 2, 3, 4, and 5 years would not be historical, as it would not represent 
definite dates. In the second place, a distribution involves the subdivid- 
ing of an aggregate upon some basis of classification. Many time-series 
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facts — that is, facts presented according to the time of occurrence — 
are not shown as a part of a total, and therefore are not historical distribu- 
tions. For example, if the price of leather at various dates is presented 
in a table, this is a time-series presentation but not a time-series distribu- 
tion. The individual prices, in this instance, are not parts of a total 
price; they are merely price observations at the particular dates. In 
later chapters of this book the subject of time series will be considered 
at some length. The present discussion refers to time-series presentations 
only as a basis of classifying the parts of an aggregate. 

Questions and Problems 

!• What are four common bases of classification? 

2 . What are the two principal types of distribution according to sizes? 

3 . Define ‘‘array,” “variate value,” and “variable.” 

4 . When should the array be used? 

6 . Describe the frequency distribution. 

6. Describe frequency distributions which show (a) the number of times each 
size occurs, and (h) the number of times sizes occur within size intervals. 

7 . What is the difference between “continuous” and “non-continuous” series? 

8 . Are wages continuous or non-continuous data? Wage rates? Earnings? 

9. Define or explain: “range,” “class interval,” “class limits,” “mid-point.” 

10 . What are four important considerations in determining the (dass interval? 

11 . How does the range affect the size of the class interval? 

12 . Into how many classes should a range usually be divided in showing a fnj- 
qucncy distribution? 

13 . Where should class limits fall? Class mid-points? 

14 . How are the frequencies indicated and how are the sizes of classes shown in 
plotting a frequency distribution curve? (See Exhibits 66, 68, and 71.) 

16 . What procedure should be followed in smoothing a frequency curve? 

16 . What are the fundamental types of frequency distributions? 

17 . Must the class intervals be uniform in size? May any be omitted within the 
range? What is an “open-end” table? 

18 . When should a classification by individual values be used? When should 
class intervals be used? 

19 . What is a “cumulative” frequency distribution? 

20 . What is a “percentage” frequency distribution? How do percentage distri- 
butions assist in comparing frequency distributions? 

21 . What is a “geographical” distribution? 

22 . Give a practical example of the use of a geographical distribution. 

23 . How are geographical distributions presented graphically? 

24 . What is a historical distribution? 

26 . Are all facts presented according to time of occurrence historical distributions? 

26 . What kinds of charts are used in presenting historical distributions? 

Make a tally sheet, a frequency table, and a frequency graph (see Exhibit 68) 
of the wage data on pages 158 and 159. Use a class interval of $2.00. (Age and 
length of service data will be used in Problems 28 and 29.) 

Analyze your graph and write a brief report of your analysis. 
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Alexander Manufacturing Company’s Weekly Pay Roll 

Employees’ Ages and Length of Service — ^January 1, 1938 


Wage Age Service 
(dollars) (years) (years) 


R. Adler 

B. Adley 

F. Allen 

, S. Ambler. . , 

S. Anakin. . . 

, G. Baird .... 

W. Baker. . . , 

R. Bard 

H. S. Beard 

J. C. Blick 

E. H. Blum 

M. S. Brandt 

E. E. Cary 

R. H. Cary 

M. S. Chambers 

D. E. Cheny 

T. V. Church 

E. F. Clement 

A. L. Coff^ 

P. R. Colei 

J. E. Collins 

W. T. Comer 

G. W. Conn 

R. L. Conte 

G. W. Coombes. . . . 

D. C. Coons 

J. W. Corbett 

B. A. Covey 

R. S. Dick 

H. W, Dickes 

C. C. Dillon 

F. S. Dolley 

W. E. Doran 

D. D. Drake 

S. F. Duncan 

C. W. Dunton 

H. A. Dyer 

N. A. Dyke 

T. G. Eades 

W. J. Eden 

B. W. Edgar 

S. E. Eldwards 

J. A. Eleo 

G. L. Elliott 

C. J. Elson 

A. T. Estes 

E. L. Everett 

C. L. Fair 

D. W. Farmer 

M. J. Faulk 

B. P. Fenton 

W. J. Ferry 

C. A. Fish 

N. J. Fleming 

L. W. Ford 

D. L. Foster 

M. 8. Furby. . . 

W. L. French. . 

W. E. Gear 
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Albxandbb Manufactubinq Company’s WBBiOiT Pat Roll. — {Conlinued) 


Name 

Wage 

(dollars) 

Age 

(years) 

Service 

(years) 

Name 

Wage 

(dollars) 

Age 

(years) 

Service 

(years) 

C. D. Lucas 

22.60 

35 

3.0 

H. A. Racine 

25.00 

45 

3.6 

W. I. Lundy 

23.00 

38 

6.3 

L. L. Ralph 

21.50 

35 

3.9 

J. A. Lyon 

27.50 

27 

2.6 

J. L. Ramey 

24.75 

38 

7.0 

H. A. Mackey 

28.26 

42 

1.2 

E. C. Rapor 

23.50 

47 

4.5 

L. R. Madsen 

27.60 

41 

.5 

C. I. Raymer 

23.25 

46 

1.2 

W. E. Main 

22.50 

40 

.7 

R. N. Redding 

24.50 

50 

1.1 

W. P. Manta 

'28.76 

52 

4.9 

J. A. Reeve 

25.25 

47 

1.4 

W. M. Marion 

28.60 

57 

.1 


30.60 

41 

.9 

F. C. Marsh 

21.00 

62 

.7 

L. E. Richards 

25.50 

21 

2.3 

F. E. Martin 

22.50 

49 

1.8 

C. P. Ricks 

26.75 

24 

4.5 

G. A. Masters 

23.25 

53 

1.9 

L. D. Ripley 

23.50 

42 

1.6 

P. E. May 

30.00 

47 

7.7 

G. W. Robbins 

24.50 

24 

2.4 

C. H. Medde 

22.60 

47 

4.3 

P. P. Rolfe 

27.60 

30 

1.6 

A. I. Mellon 

24.25 

36 

3.2 

A. J. Romaine 

22.50 

29 

7.2 

J. S. Merlo 

22.25 

45 

.7 

P. M. Rose 

21.25 

26 

.7 

A. L. Miller 

22.76 

! 18 

.1 

W. F. Roth 

21.50 

36 

.4 

T. C. Miller 

18.50 

1 21 

6.5 

C. H. Roy 

20.25 

29 

1.4 

C. H. Mitchell 

23.00 

40 

.2 

M. S. Rudd 

22.00 

46 

4.9 

J. C. Moore 

24.60 

42 

8.5 

L. J. Russell 

22.50 

25 

2.6 

E. W. Morley 

29.25 

43 

1.2 

B. E. Ryder 

22.00 

19 

3.5 

W. L. Morrow 

22.76 

27 

2.8 

C. A. Saint 

24.50 

33 

.3 

W. R. Nash 

26.50 

61 

1.5 

W. P. Sage 

25.75 

29 

1.7 

R. G. Neale 

24.75 

43 

3.2 

G. E. Sammis 

27.50 

54 

2.8 

F. A. Nelson 

26.50 

26 

1.1 

D. B. Sands 

22.00 

37 

1.0 

F. J. Newman 

24.25 

32 

.9 

L. PI. Sargent 

23.50 

34 

2.7 

N. V. Nicola 

28.00 

46 

.1 

R. M. Sax 

27.60 

23 

1.2 

V. D. Nissen 

21.25 

28 

5.8 

R. W. Schell 

22.00 

41 

6.6 

O. H. Norman 

23.50 

37 

3,6 

G. 11. Shuler 

28.50 

45 

.1 

G. A. Nylin 

23.00 

31 

1.5 

I. M. Smith 

25.75 

27 

1.1 

C. H. Oakes 

22.50 

36 

1.3 

•T. E. Smith 

28.75 

25 

1.4 

C. F. Oden 

22.76 

40 

.4 

P. L. Strong 

23.50 

31 

.7 

R. H. Oland 

26.00 

27 

.8 

D. D. Taylor 

26.00 

47 

.9 

A. D. Olds 

24.50 

23 

1.3 

J. G- Teagle 

28.50 

26 

1.1 

O. B. Olson 

24.75 

36 

1.4 

W. H, Terry 

21.00 

44 

1.2 

L. J. Oreck 

28.00 

21 

1.6 

C. J. Thom 

27.75 

41 

4.3 

P. H. Orkin 

24.50 

34 

3.5 

R. A. Thomas 

22.00 

29 

1.4 

W. E. Owens 

26,75 

44 

8.7 

L. M. Thorpe 

24.25 

35 

1.2 

J. C. Owings 

22.50 

48 ] 

4.2 

E. R. Tilton 

26.00 

44 

.1 

A. E. Paine 

22.50 

27 

1.9 

W. H Todd 

20.50 

30 

1.8 

D. S. Painter 

24.00 

31 

1.4 

C. M. Travis 

24.00 

45 

1.6 

G. A. Palmer 

20.00 

40 

.3 

F. B. Trotter 

27.50 

32 

.8 

R. S. Palmer 

21.50 

52 

.5 

E. P. Trout 

21.60 

41 

1.7 

M. E. Parker 

21.75 

56 

.7 

R. D. Tudor 

28.25 

36 

2.1 

W. S. Parks 

26.50 

30 

1.6 

S. M. Taller 

20.75 

39 

.4 

J. H. Parsons 

25.00 

34 

5.2 

E. J. Ullory 

28.50 

36 

.2 

M. A. Patten 

24.50 

44 

.1 

S. J. Upton 

21.00 

40 

1.8 

G. P. Paxton 

32.76 

29 

6.5 

C. W. Urich 

29.00 

37 

1.9 

A. E. Peck 

30.00 

45 

1.7 

W. F. Valentine. . . . 

29.00 

32 

.0 

M. F. Pence 

41.50 

43 

6.5 

M. R. Vallens 

22.00 

34 

2.4 

F. R. Perkins 

27.25 

80 

1.4 

J. S. Vance 

22.00 

39 

3.1 

L. J. Peters 

21.50 

25 

2.1 

R. M. Varloy 

29.75 

37 

.1 

T. R. Phelps 

21.00 

28 

1.4 

B. G. Varner 

25.50 

42 

2.5 

B. R. Phillips 

28.76 

36 

.9 

F. F. Vaughn 

27.50 

47 

1.2 

M. D. Pilson 

27.26 

40 

2.3 

P. T. Virgin 

19.50 

56 

1.7 

E. H. Porter 

21.50 

43 

1.7 

R. S. Waddell 

21.75 

32 

.1 

R. A. Priest 

25.50 

30 

2.8 

J. B. Wade 

26.00 

30 

1.1 

J. B. Pye 

22.75 

43 

1.2 

A. B. Walker 

21.00 

35 

.9 

B. E. Quick 

27.50 

35 

2.6 

M. S. Wallace 

25.76 

37 

.7 
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28 . Make a tally sheet, a frequency table, and a frequency graph (see Exhibit 68) 
of the age data given in the table in Problem 27. Use a four-year class interval. 

Analyze your graph and write a brief report of your analysis. 

29 . Make a tally sheet, a frequency table, and a frequency graph (see Exhibit 68) 
of the length of service data given in the table in Problem 27. 

Analyze your graph and write a brief report of your analysis. 

30 . The ratios of selling expenses to total expenses of 108 hardware stores are 
given below (ratios expressed in percentages) : 


31 

52 

43 

17 

57 

44 

32 

33 

42 

33 

24 

43 

17 

25 

11 

22 

27 

19 

55 

25 

26 

28 

25 

22 

47 

9 

32 

29 

18 

45 

33 

24 

37 

31 

33 

22 

5 

31 

26 

27 

29 

22 

36 

42 

26 

47 

32 

39 

31 

22 

36 

25 

43 

19 

21 

36 

24 

26 

34 

28 

27 

18 

36 

44 

57 

42 

24 

34 

27 

36 

39 

37 

53 

47 

33 

39 

31 

27 

29 

26 

38 

33 

44 

25 

14 

63 

16 

29 

38 

37 

31 

29 

34 

25 

19 

22 

23 

46 

17 

42 

29 

24 

50 

31 

39 

21 

22 

24 


a. Arrange the data in an array. 

&. Make a tally sheet and a frequency table of the data. Use a class interval 
of 5 per cent. 

c. Make a frequency graph (see Exhibit 68). Should the curve of this distribution 
be smoothed? If so, why? 

31 . The cost of radio advertising purchased by automobile manufacturers from 
the two major broadcasting systems in the United States in the years 1932-1936 is 
given below in thousands of dollars. 


Year 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1932 

232 

231 

234 

261 


175 

137 

127 

78 


57 

118 

1933 

176 

171 

215 

126 

121 

115 

128 

234 



273 

289 

1934 

268 

325 

348 

338 

371 

309 

188 

178 

222 

544 


380 

1935 


363 j 

426 

342 

312 

275 

232 


244 

721 


487 

1936 1 

754 

781 

876 

742 

731 

626 

492 

468 


1,164 


944 


Source: Survey of Current Bueineee. 


Make a historical distribution of the cost of radio advertising to automobile 
manufacturers in the years 1932-1936 (see Exhibit 84). 
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32. (Geographical distribution.) Make a density map (see Exhibit 82) of the 
population data below: 


Population of the United States — April 1930 
By States 


Rank 

State 

Population 

Rank 

State 

Population 

1 

New York 

12,588,066 

27 

West Virginia 

1,729,205 

2 

Pennsylvania 

9,631,350 

28 

Maryland 

1,631,526 

3 

Illinois 

7,630,654 

29 

Connecticut 

1,606,903 

4 

Ohio 

6,646,697 

30 

Washington 

1,563,396 

5 

Texas 

5,824,715 

31 

Florida 

1,468,211 

6 

California 

5,677,251 

32 

Nebraska 

1,377,963 

7 

Michigan 

4,842,325 

33 

Colorado 

1,035,791 

8 

Massachusetts 

4,249,614 

34 

Oregon 

953,786 

9 

New Jersey 

4,041,334 

35 

Maine 

797,423 

10 

Missouri 

3,629,367 

36 

South Dakota 

692,849 

11 

Indiana 

3,238,503 

37 

Rhode Island 

687,497 

12 

North Carolina 

3,170,276 

38 

North Dakota 

680,845 

13 

Wisconsin 

2,939,006 

39 

Montana 

537,606 

14 

Georgia 

2,908,506 

40 

Utah 

507,847 

15 

Alabama 

2,646,248 

41 

District of Columbia 

486,869 

16 

Tennessee 

2,616,556 

42 

New Hampshire 

465,293 

17 

Kentucky 

2,614,589 

43 

Idaho 

445,032 

18 

Minnesota 

2,563,953 

44 

Arizona 

435,573 

19 

Iowa 

2,470,939 

45 

Now Mexico 

423,317 

20 

Virginia 

2,421,851 

46 

Vermont 

359,611 

21 

Oklahoma 

2,396,040 

47 

Delaware 

238,380 

22 

Louisiana 

2,101,593 

48 

Wyoming 

225,565 

23 

Mississippi 

2,009,821 

49 

Nevada 

91,058 

24 

25 

26 

Kansas 

Arkansas 

South Carolina 

1,880,999 

1,854,482 

1,738,765 


Total continental 
United States 

122,775,046 
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33 . Make a density map of the data on automobile registrations given below (see 
Exhibit 82). 


State 


Alabama 

Arizona 

Arkansas ..... 

California 

Colorado 

Connecticut . . . 

Delaware 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky .... 

Louisiana 

Maine 

Maryland 

Massachusetts 

Michigan 

Minnesota .... 
Mississippi . . . . 

Missouri 

Montana 


Motor Vehicle Registrations, 1937 


Number of 

cars 

State 

Number of 

cars 

313,359 

Nebraska 

412,726 

129,210 

Nevada 

40,655 

229,867 

New Hampshire 

125,939 

2,484,653 

New Jersey 

994,497 

337,217 

New Mexico 

118,106 

436,564 

New York 

2,561,703 

63,599 

North Carolina 

525,350 

418,145 

North Dakota 

173,188 

441,847 

Ohio 

1,876,132 

142,110 

Oklahoma 

547,263 

1,768,946 

Oregon 

360,348 

956,016 

Pennsylvania 

1,984,821 

745,602 

Rhode Island 

167,586 

586,685 

South Carolina 

296,224 

404,455 

South Dakota 

184,743 

323,498 

Tennessee 

400,384 

200,907 

Texas 

1,552,114 

387,410 

846,556 

Utah 

126,692 

Vermont 

88,958 

1,505,111 

Virginia 

440,713 

822,598 

Washington 

535,483 

226,286 

West Virginia 

290,837 

835,895 

Wisconsin 

854,374 

173,892 

Wyoming 

District of Columbia 

81,837 

184,119 


Source: United States Bureau of Public Roads. 
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84 . Present the data on per capita debt in each of the 48 states in the form of a 
geographical distribution by states (see Exhibit 83). 


Per Capita Debt, State Governments, 1932 


State 

Dollars 

State 

Dollars 

State 

Dollars 

Alabama 

30.90 

Maine 

34.02 

Ohio 

1.15 

Arizona 

8.34 

Maryland 

18.99 

Oklahoma 

4.74 

Arkansas 

88.16 

Massachusetts . . . 

14.69 

Oregon 

34.60 

California 

24.67 

Michigan 

12.21 

Pennsylvania 

7.81 

Colorado 

6.45 

Minnesota 

15.55 

Rhode Island 

24.15 

Connecticut 

.07 

Mississippi 

17.94 

South Carolina. . 

44.74 

Delaware 

8.63 

Missouri 

28.33 

South Dakota . . . 

22.19 

Florida 

.26 

Montana 

17.33 

Tennessee 

35.55 

Georgia ' 

4.29 

Nebraska 

.67 

Texas 

1.75 

Idaho 

15.61 

Nevada 

11.89 

Utah 

11.08 

Illinois 

28.58 

New Hampshire. 

13.96 

Vermont 

26.51 

Indiana 

1.45 

New Jersey 

15.05 

Virginia 

10.68 

Iowa 

6.66 

New Mexico 

26.53 

Washington 

5.22 

Kansas 

11.53 

New York 

36.14 

West Virginia 

49.20 

Kentucky 

6.16 

North Carolina. . 

50.91 

Wisconsin 

.40 

Ix)uisiana 

39.41 

North Dakota . . . 

7.32 

Wyoming 

24.42 


Source: Statiiftieal Abatrnet of the Uvited States, 1936. 



CHAPTER VIII 
AVERAGES 

If the general manager of a manufacturing company wished to com- 
pare the wage conditions in one branch factory with those in another 
branch factory, he might first compare the total pay roll of the one with 
that of the other. But would the total pay rolls indicate to him in which 
plant wages were higher? Would totals of the wages paid indicate any- 
thing whatever concerning the relative wage conditions in the two 
branches? 

Again, the manager might have each actual pay roll made up in the 
form of an array of the wages paid at each branch. He would then have 
before him all of the details concerning the wages paid in the given 
period at both factories. But would these presentations permit easy 
comparison? Could he measure the conditions at each factory by looking 
at a list of the wages paid? 

Even if the wages were grouped in two frequency distributions 
(Exhibit 86) showing the numbers of workers in each plant receiving 
wages between various wage limits, could the executive obtain quickly a 
picture of the relative wage conditions? In short, does a frequency 
distribution give a sufficiently concise picture for such purposes? 

Methods of Measuring Data. — Neither the array nor the frequency 
distribution is a method of measuring data. They are methods of 
presenting data in orderly arrangement. 

Whether data are in unorganized forms or in organized distributions 
such as those discussed in the preceding chapter, it is often necessary to 
obtain measurements which will give concise pictures or representations. 
There are several types of measurements, of which the most useful are: 

1. Averages. 

2. Quartiles, deciles, and percentiles. 

3. Index numbers. 

4. Measures of dispersion, or variation, and skewness. 

In this chapter, the first two methods, viz., (1) averages, and (2) 
quartiles, deciles, and percentiles, will be discussed. The following 
chapter (Chapter IX) will cover index numbers. In Chapter X, dis- 
persion and skewness will be considered. 

Nature and T]rpes of Averages. — ^An average is a single value which is 
taken to represent a group of values. Such a representative value may 
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be obtained in several ways, for there are several types of averages. For 
a given case, one type may be more representative than another type 
and it is therefore necessary to understand clearly the nature and purpose 
of each type. 

Probably the most commonly used average is the arithmetic average, 
or arithmetic mean. This is an average obtained by adding the values of 
the cases and dividing by the number of cases. 

Distribution of Employees in Plants 1 and 2 by Weekly Earnings 
Weok Ended September 10, 1938 


Weekly oariiings 
in dollars 

Number of employees 

Plant 1 

Plant 2 

1.00- 3.99 

0 

16 

4.00- 0.99 

4 

23 

7.00- 9.99 

5 

11 

10.00-12.99 

3 

19 

13.00-15.99 

7 

31 

16.00-18.99 

3 

20 

19.00-21.99 

16 

34 

22.00-24.99 

21 

52 

25.00-27.99 

49 

117 

28.00-30.99 

73 

132 

31.00-33.99 

90 

144 

34.00-36.99 

76 

127 

37.00-39.99 

61 

121 

40.00-42.99 

33 

117 

43.00-45.99 

26 

66 

46.00-48.99 

24 

26 

49.00-51.99 

11 

10 

52.00-54.99 

11 


55.00-57.99 

5 

0 

58.00-60.99 

5 

3 

61.00-63.99 

2 

2 

Total 

525 

1,077 


Exhibit 85. — Frequency distributions of data taken from the pay rolls of two branches of a 
manufacturing company. {Data adapted.) 

Another common average is the mode, or modal average. This is the 
value which occurs the greatest number of times, or, more exactly, the 
value about which the most cases occur; it is the most common value. 

A third average is the median, which is entirely a position average. 
The median is the value of the ‘‘mid-case,” or, more specifically, the 
value at the mid-point, when the data are arranged in order of size — 
that is, it is the value located where the -number of larger values and the 
number of smaller values are the same. 
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A fourth average is the geometric average ^ or the geometric'mean. This 
average is found by obtaining the product of the items and extracting 
the corresponding root of this product. The root to be obtained is the 
number of items — that is, if there are 500 items, the 500th root should be 
obtained. Such a root is easily found by the use of logarithms. 

The four types of averages just mentioned will be discussed and illus- 
trated in the pages which follow. Another average, which is seldom used 
in business statistics, and which, therefore, will not be considered in detail, 
is the harmonic average, or harmonic mean. This may be defined as the 
reciprocal of the arithmetic average of the reciprocals of the items. The 
reader may recall from elementary mathematics that the reciprocal of a 
number is a fraction of which the numerator is unity and the denominator 
is the number. Therefore, the harmonic mean is found by averaging 
arithmetically the fractions obtained by placing a numerator of 1 over 
each item. This resulting average of fractions' is the reciprocal of the 
harmonic mean. 

Computation of the Arithmetic Average. — The method of computation 
of the arithmetic mean is not difficult when the exact values of all items 
are known, and it is even simpler where the total value of the items and 
the number of items are known. For instance, to return to the preceding 
example of a manufacturing company (Exhibit 85), if the weekly wages 
of the workers in Plant 1 are all available, the arithmetic average of the 
weekly wages can be obtained by adding together the individual wages 
and dividing by the number of wage earners. Or if only the total pay 
roll and the number of persons on the pay roll are known, the average 
wage can readily be found by dividing the latter into the former. Thus, 
if the total pay roll of Plant 1 for the week ended September 10, 1938, 
were $17,850 and the number of employees were 525, this average weekly 
wage would be $17,850 525, or $34. 

Obviously, for the purpose of computing the arithmetic average or 
mean, it does not matter in what order or form the exact values of the 
cases are used. The mean can be found just as quickly from items listed 
in a miscellaneous order as from items arranged in the form of an array, 
providing that they are arranged to facilitate addition. In obtaining 
the average from a frequency distribution, however, a slightly different 
procedure is necessary. ^ ^ 


' In this brief description, common fractiom have been used to facilitate explana- 
tion. Ordinarily, calculations of the harmonic mean are made from a table of recipro- 
cals which are stated decimally. The reciprocals in this form are found from the 
talde, and are averaged arithmetically. The computed average reciprocal is then 
found in the table, and the absolute number corresponding to this is the harmonic 
mean. (See Table of Reciprocals, pp. 749-759.) 
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In Exhibits 65 and 66, pages 136 and 137, a frequency distribution of 
the sizes of men's shoes sold in 1937 by The Paris Store was presented. 
As in an array and in an unorganized list of items, each actual size of 
shoe sold is present in this type of frequency distribution, for there is no 
class interval. Yet, if the sizes listed were added together, the result 
would not be the sum of all sizes sold, for the number of sales of each size 
was greater than one. Therefore, before adding to find the sum of the 
sizes sold, we must multiply each size by the number of pairs sold, as in 


Size 

(») 

Number of pairs 

(f) 

Product 

m 

4i 

5 

22i 

5 

10 

50 

6i 

20 

no 

6 

25 

150 

6i 

75 

487i 

7 

150 

1,050 

n 

300 

2,250 

8 

475 

3,800 

81 

410 

3,485 

0 

375 

3,375 

9i 

220 

2,090 

10 

125 

1,250 

10} 

75 

787} 

11 

20 

220 

Hi 

15 

172} 

12 

5 

60 

Total 

2,305 

19,360 


19,360 2,305 = 8.4, the arithmetic average size. 

Exhibit 86. — Computation of the arithmetic average from a frequency tabic without class 

intervals. 

Exhibit 86. Then, to find the arithmetic average of sizes sold, the sum 
of the products, 19,360, will be divided by the number of pairs sold, 
2,305, giving 8.4. It will be noted that the sum of the products is the 
same sum as would have been obtained if each size had been listed the 
number of times indicated in the frequency (/) column and the resulting 
list of 2,305 individual sizes had been added together. 

The method just described may be used to secure a very close approxi- 
mation of the mean of data presented in the other type of frequency 
distribution — namely, where class intervals rather than exact class sizes 
are given. The only difference is that the mid-point of the class interval 
is used as the value of all cases within the class interval. In Exhibit 87 , 
the computations of the average weekly wages earned for the' week ended 
September 10, 1938, in Plants 1 and 2. are shown. 
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Sometiifies it is advisable to obtain a weighted anthyneticnaveTage. The 
computation of the weighted mean differs from that of the simple mean 
in that the constituent items or Values are first multiplied by certain 
weights. Then the total of the weighted products is divided by the sum 
of the* weights, instead of by the number of items. ... 


■ V 

Computation of Arithmetic Average op Weekly Earnings (Plants 1 and 2) 
Week Ended September 10, 1938 


Weekly earnings 
in dollars 

Mid-point 
of class 

(m) 

Plant 1 

Plant 2 

Frequency 

CO 

Product 

(mf) 

Frequency 

(j) 

Product 

(mf) 

1.00- 3.99 


0 

0 

16 

40.00 

4.00- 6.99 


4 

22.00 

23 

126.60 

7.00- 9.99 

8.50 

5 

42.50 

11 

93.50 

10.00^12.99 


3 

84.50 

19 

218.50 

18.00-15.99 


7 

101.50 

♦ 31 

449.50 

16.00-18.99 


3 

52.50 

20 

350.00 

19.00-21.99 


16 

328.00 

34 

697.00 

22.00-24.99 


21 

493.50 

52 

1,222.00 

^6.00-27. 99 

26.50 

49 

1,298.50 

117 

3,100.60 

28.00-30.99 

29.50 

73 

2,153.50 

132 

3,894.00 

81.00-33.99 

32.50 

90 

2,925.00 

144 

4,680.00 

34.00-86.99 

35.50 

76 

2,698.00 

127 

4,508.50 

37.00-39.99 

38.50 

61 

2,348.50 

121 

4,658.50 

40.00-42.99 

41.50 

33 

1,369.56 

117 

4,855.50 

43.00-45.99 

44.50 

26 

1,157.00 

66 

2,937.00 

46.00-48.99 

47.50 

24 

1,140.00 

26 

1,235.00 

49.00-51.99 

50.50 

11 

555.50 

10 

505.00 

52.00-54.99 

53.50 

11 

588.50 

6 

821.00 

55.00-57.99 

56.50 

5 

282.50 

0 

0.00 

58.00-60.99 

59.50 

5 

297.50 

3 

178.50 

61.00-63.99 

62.50 

2 

125.00 

2 

125.00 

Total 

■ ^ 

525 

18,013.50 

1,077 

34,195.50 


18.013.50 -5- 525 = 34.31, the average wage in Plant 1. 

34.195.50 1077 = 31.75, the average wage in Plant 2. 


iSxHiBiT 87. — Computatihn of the arithmetic average from a frequency table with class 

intervals! 


, It may appear’that the computatioa pf thewei^ted mean is the same 
84 that of the simple mean from .d^ta in a frequency Retribution with 
class intei^als, as tl>e frequencies,may appear to i«,w^h1^.^plied to the 
mid-points, of the classes. However, a weighted ihei^' isjbne where the 
wm^ts .oasiipiad ^ copstitpent it§ms hx arp^rarily 

and are no^he actual number of ’opeurrej^es "oar f^uandea 
a frequ^y^dis^Ujuti^il ^ ' 
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The weighted arithmetic . average is particularly useful in studying 
prices of commodities where it is desired to .weight each price according 
to the relative importance of each commodity. The use of weights in 
this and in other ways is illustrated in Chapter IX on Index Numbers. 

Nature and Significance of the Arithmetic Mean —It will be noted 
that the mean is affected by the value of every case, for all values (approxi- 
mate values, in the case of frequency distributions with class intervals) 
are included in the sum of the values. However, undue weight may be 
given to extreme items. For example, in one factory, there may be a 
few highly paid skilled workers whose weekly earnings would cause the 
arithmetic mean to be somewhat higher than it would be without these 
earnings. Aside from these few skilled workers, wage conditions in that 
factory might be approximately the same as in another factory, and yet 
the arithmetic average of wages would be greater in the first factory 
because of the inclusion of a few extreme cases. 

Furthermore, the mean very often is not the value of any observed 
case. In discrete (non-continuous) scenes, the mean may be an amount 
which does not actually exist. Thus, the average size of families in a 
c(jrtain city was found to be 3.46 persons; the average size of men’s shoes 
sold by The Paris Store (see page 167) was determined to be 8.4. 
It is not to be considered that these characteristics are necessarily 
serious disadvantages. When averaging the prices obtaine^d for a given 
product over a period of time, it might be essential to include all extremely 
high or low prices, because these affect earnings, and average selling prices 
are often compared with average earnings and average expenses per sale. 
Furthermore, even though the above stated average size of family does not 
actually exist, this average is useful in comparing cities from the stand- 
point of school requirements, the number of family dwellings required, 
etc. 

- The arithmetic average has a definite advantage in that it is commonly 
used and, therefore, is familiar to everyone. Furthermore, it is an 
amount which can be located with mathematical exactness, and it can 
be determined when only the total value of the cases and the number 
of cases are known. 

It should be appreciated that the arithmetic average (as well as other 
averages) should be used only when the data'are relatively homogeneous 
for the purpose at hand. The average wage discussed above, for instance, 
might be misleading if it included different kinds of labor, such as male 
and female, or men and boys. Suppose, for instance, that boys are 50 
per cent as efficient" as men. Then, if Factory A has 75 per cent boys 
avera^ng 60 per cent of men’s wages, and Factory B has 25 per cenf'boys'' 
at 60 per cent of men’s wages. Factory A will hav^ lower average wages; 
but higher unit costs. From many points of view, such avera^s v^rouid 
he based on data that were not homogeneous, and Would be misleading. 
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Arithmetic Average of Extreme Items. — For a rough approximation of 
the representative value or average of a series or group of data, the mean 
of extremes is useful. This is merely the arithmetic average of the highest 
and the lowest value. While ordinarily it is not sufficiently representa- 
tive for careful work, it has the advantage of being easily computed. In 
instances where the computation of an arithmetic mean of all items 
would require so much work that it could not be used at all, and where it 
is known that the data are not subject to erratic fluctuations, the average 
of extremes serves a very useful purpose. For example, the average price 
of a certain stock on the New York Exchange on a given day should be 
obtained ordinarily by dividing the total number of shares sold into the 
total amount plaid for the shares, but this is often so great a task that it 
cannot be done, especially if the study involves a large number of sales. 
If there are no unusual movements, the average of extremes may be 
accurate enough for the purpose at hand, and it may be much better to 
use this average in connection with a large number of stocks than to use 
the more refined methods with a small number of stocks. The average of 
extremes is often a practical average to use in analyzing the movements of 
the prices of commodities as well as the prices of stocks. 

Computation of the Mode. — The mode has been defined as the value 
which occurs the greatest number of times, or, more exactly, the value 
about which the most cases occur. It is the point of greatest ^Mensity'' 
or greatest frequency of occurrence in a frequency distribution; it is the 
most common value. 

The modal average is a position average — that is, it is located at a 
certain position within an orderly grouping of the data. It can not be 
determined readily from unorganized data; it is not easy to locate within 
an array. For practical computation, grouping of the data in a frequency 
distribution is a prerequisite. 

In a distribution where the cases are grouped by individual sizes 
rather than by classes of sizes, the mode ordinarily is that size which has 
the greatest frequency. Thus, in Exhibit 64, page 136, the modal average 
of men's shoes sold in 1937 is size 8, for there were more shoes of this size 
sold than of any other. Occasionally it happens that a certain size 
occurs more frequently than any other size, when there are only a 
relatively few frequencies of the adjacent sizes. If another size has 
occurred slightly less frequently, but this latter size has a greater number 
of adjacent items, it may be the point of greatest density. Then this 
latter item should be taken as the mode, rather than the size of greatest 
frequency. In some distributions, several points of considerable density 
may be found, and it may be difficult to determine at which point there 
is the greatest density of cases. In such distributions, it may not be 
advisable to compute or use the mode. 
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In frequency distributions having class intervals, the modal class is 
either the class having the most frequencies or, if this is not the place of 
greatest density, it is where the greatest density of cases is found. Some- 
times several regroupings of the data, using class intervals of different 
sizes and placing the class limits at different points, are necessary to 
ascertain the modal class. Usually, however, in distributions where the 
modal class is not well defined it is not advisable to use the modal average. 
In obtaining the mode itself (within the modal class) it is usually satis- 
factory, when studying business data, to use the mid-point of the modal 
class. While it is true that the mid-point of the modal class can only be 
called the approximate mode, it is seldom necessary to use technical 
methods of locating the modal average in business statistics,^ because 
mathematical exactness does not necessarily obtain a more representative 
mode. 

Referring again to Exhibit 85, it will be seen that the class $31.00 to 
$33.99 is the ‘‘class of greatest density’’ both for Plant 1 and Plant 2, 
because more employees earned wages within this class than within any 
other, and also because the next greatest numbers of employees earned 
wages within the adjacent classes. Therefore, this elass is the modal 
class, and the mid-point of this class, $32.50, may be taken as the modal 
wage of employees in both factories. 

Significance of the Mode. — In ordinary conversation, people often 
refer to an average which really is the mode. The “average” citizen is 
the modal citizen; by average income, we usually mean modal income; 


1 A more scientific method of ‘‘interpolating for the mode” (although not often 
necessary in practical work) is as follows: The mode equals the lower limit of the modal 
class plus a fraction of the class interval, of which the numerator is the number of 
cases in the next higher class and the denominator is the sum of the number of cases 
in the next higher and the next lower classes. This may be expressed in formula form 
as: 



in which the symbols represent the items named above, namely, A/o is the mode, L is 
the lower limit of the modal class, fn is the number of cases in the next higher class, 
fm is the number of cases in the next lower class, and i the class interval. 

Referring to the modal wages in Plants 1 and 2 from the distribution of weekly 
wages in Exhibit 85, it is evident that the modal wage class for both plants is $31.00 
to $33.99. Let us interpolate for the mode by applying the above formula. By 
substituting values in the above formula we find, for Plant 1, that the 

Mode = 31.00 + ( 76^)3 = 31.00 + = 32.63 

and for Plant 2 the 

M«le - 81.00 + (i3r?JB> -»■•<“+ Ss - . 
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average efficiency is the most common or most frequently attained 
efficiency. 

The mode ^ where extreme items should not affect the average. 
For example, if a banker wishes to know the average balance of depositors, 
he might wish to use the modal average rather than the arithmetic. The 
latter would be greatly influenced by a few balances of one million dollars 
or more, but the mode would not be affected by these extreme cases, 
and, therefore, would be a more representative average for many purposes. 
In fact, in obtaining the modal average, the size of extreme cases need not 
even be known. 

The mode may not always be well defined or possible to locate 
properly. The '‘point of density'' may be more than a point, and, there- 
fore, the point taken as the mode may depend upon the judgment or 
desire of the person using the mode. In frequency distributions, it is 
essential that the class interval be properly chosen and that the class 
limits be correctly placed, or the modal point will not be accurately 
determined. Even where a representative mode is obtained, the product 
of the mode and the number of items will not give the total value of all 
cases, as does the product of the arithmetic average and the number of 
items (except in a perfectly normal distribution as explained on page 236). 

Computation of the Median. — ^The median, like the mode, is also a 
"position" average. It is the value at the mid-point in an array. In 
order to determine the median, it is necessary to have the items arranged 
iji order of size, as in an array or frequency distribution. The median 
can not readily be determined from unorganized data, except where the 
number of cases is sufficiently small to allow mental arrangement in the 
order of size. 

When the data have been arranged in an array, it is only necessary to 
count the items and find the mid-item in order of size. Thus, in Exhibit 
63, page 134, which presents an array of the sales of the Smith Motor Car 
Company, there are 21 items, and the median is the value of the 11th 
item (counting from either end of the array), namely $1,800.00. It will 
be noted that the median is so located that the number of items above it is 
the same as the number below it.^ 

If there is an even number of items, the median is halfway between the 
two mid-items. For instance, if the last sale listed in the array of the 
Smith Motor Car Company sales (Invoice 901 in the amount $1,450.00) 
were dropped from that array, there would be but 20 items (Exhibit 63). 


71 “I" 1 

* The po9Uwn of the median may be found by the formula — in which n 

is the number of items. Thus, in Exhibit 63, there are 21 items, and — *= 11. 
Therefore, the median is tlm 1 i|h item. . 
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The median would then be midway between the 10th and 11th items 
($1,875.50 and $1,800.00 respectively), or $1,837.75, In other words, the 
midway point is the arithmetic average of the 10th and 11th items. 
In this case, there are also 10 items larger and 10 items smaller than the 
median ($1,837.75), but the median is not an actual item found in the 
array — ^it is midway between the two central items. 

In a frequency distribution, where the items are grouped by actual 
values rather than by class intervals of valuesy the median can be found 
in a manner similar to that followed in the case of the array. It is only 
necessary to locate the (;lass in which the mid-case falls, and this class 
value is the value of the median. In Exhibit 64, page 136, the median size 
of men's shoes sold by The Paris Store is the size of the 1,153d item 
in order of size, for there are 2,305 items included in the distribution. 
This item is found by (iounting from either end of the distribution by 
which it will be found to be among the 410 items of the size 8^. The 
median size, therefore, is 8.^. 

Location of the Median within a Class Interval. — Where classes arc 
expressed in intervals of values, as in Exhibit 67, page 138, an additional 
problem arises. The class within whi(}h the median falls can be located 
in the manner described above, but which value within that class inter- 
val is the median? For example, in Exhibit 67, the median earning of 
employees in Plant 6 is within the class interval in which the 255th case 
falls, there being 509 cases in the distribution. This class is $24.00 to 
$25.99, in which 90 items or frequencies occur. But what value within 
that class range should be taken as the median? 

Obviously, if the actual values of the 90 items weni known, the median 
could be located exactly. It would only be necessary to count the arrayed 
items until the mid-item of the entire 509 wage earners (the 255th item) is 
found. But where the actual values of the 90 items are not known (they 
are not given by the frequency distribution and could be found only 
by reference to the daia from which the frequency distribution was 
compiled), it is necessary to locate the median by somewhat arbitrary 
methods. 

As a rough approximation, the mid-point ol the class in which the 
median falls might be taken as the median, for it has been pointed out 
that the mid-point is usually considered to be representative of the class. 
However, this is not sufficiently accurate for some statistical work, partic- 
ularly where it is evident that the median is more likely to be near one 
of the extremes of the class range. 

A more exact method is to consider the median value as a proportional 
distance from the lower limit, or from the upper limit, of the class interval. 
Thus, in Exhibit 67 (page 138), if we count the number of wage earners 
receiving less than do the 90 employees in the median class ($24.00 to 
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$25.99), we will find the total to be 176. Since the median or mid-item 
is the 255th, it will be 80 items (i.c., 256 minus 175) above the 175 items. 
In other words, if we count up from the smallest earning to the 255th earn- 
ing, we will include the 175 items below $24.00 and 80 items in the class 
$24.00 to $25.99. As there are 90 wage earners in the class $24.00 to 
$25.99, we may locate the median as being J J of the entire interval ($2.00) 
from the lower limit, $24.00. Similarly, counting from the highest earn- 
ing, there are 244 items larger than $25.99; therefore, we may locate 
the median as being of the interval below the upper limit. 

A slight correction of these statements is necessary for mathematical 
exactness. The true proportions of the interval which we should take 
are 79.6/90 and 10.5/90, respectively, because the median must be con- 
sidered to be 79 \ spaces distant from the lower limit rather than 80 spaces, 
and 10^ spaces distant from the upper limit, in this example. We can 
prove this by noting that the median must be the same point, whether we 
find it by adding a fraction of the class interval to the lower limit, or by 
subtracting a fraction of the interval from the upper limit. This point 
would not be obtained by adding -9 0 the interval to the lower limit and 
subtracting ^ J from the upper limit, but it is obtained by using the frac- 
tions 79.5/90 and 10.5/90 respectively.^ Thus, in this case the median 

is 24 + (2), or 25.77; it is also 26 - (2), or 25.77.2 


^ While the median is the 80th item from the items in the next lower doss and the 
11th item from those in the next higher class, it is only 79i spaces distant from the 
lower limit of the doss and 10? spaces distant from the upper limit, if we assume that 
the items are evenly distributed throughout the class interval. The reason for this is 
that the first item should not be considered to be exactly at the lower limit nor the 
90th item at the upper limit. If this latter condition were true, then the items in the 
next lower class would be distributed in the same manner and one of the cases in that 
class would fall at the upper limit of that class which is also the lower limit of the 
given class. Therefore, we must consider that the distribution of cases begins a cer- 
tain distance from the limits, at a point which is one-half of the distance between any 
two cases. This is illustrated below by a graphic presentation of the positions of five 
items evenly distributed in a class interval. 




Obviously, the third item from the lower limit is 2} spaces from that point, the 
second item is spaces from the lower limit, etc. 

’Reduced to rules of procedure, it may be said that when the actual values 
of the cases within the median class are not known, the median may be located 
within that class by either of the following: 

• 1. Adding a proportion of the class interval to the lower limit of the. median class-r- 
this proportion being a f ractioi^ having ao the numerator one-^lf an item Im than 
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Use of the Median. — The median average can be obtained even 
though the values of all items are not known. In fact, the only item 
which requires valuation is the mid-item, provided it is known that there 
are the same number of items larger and the same number smaller. For 
example, if a wholesale drug company wished to know the average annual 
sales of its customers, it could obtain the median, even though the 
sales data were not available for the smallest customers, nor the largest. 
It would only need to know whether the sales of the customers not 
reporting were larger or smaller than the median. 

Sometimes it is difficult to measure (pialities for which an averages 
might be desired. The intelligence of the laborers in a factory cannot 
easily be measured in d(ffinit(i units, but it may not be difficult to arrange 
the laborers in order of intelligence and determine the laborer with the 
median average intelligence. In other words, the median may be deter- 
mined even though it is not mathematically measured. 

In locating the median no more w'eight is given to an extreme item 
than to an item near the median. Although it is not influenced by the 
size of extreme items, the effect is not likely to make it unrepresentative 
of the entire data. 

If the items are few in number, however, the median is not likely to be 
representative. Neither the mode nor the median should ordinarily be 
used where the number of cases are few, because they are ‘‘position” 
averages. It requires a considerable number of cases to establish a 
reliable position for the mode or the median. 


the niiinbor of items located within the class which are needed to reach the median 
item of the entire distribution (counting up from the smallest case), and having as 
the denominator the total number of items within the median class. In formula form, 
this may be stated as: 

Median = L -f- 

where L is the lower limit of the class in which the median occurs, g is one-half of one 
item less than the number of items to be added to those below the class to reach the 
median item of the distribution, / is the total number of items within the class, and i 
is the class interval. 

2. Subtracting a proportion of the class interval from the upper limit of the median 
class — this proportion being a fraction having as the numerator one-half an item less 
than the number of items located within the median class which are needed to reach 
the median item (counting down from the largest case), and having as the denominator 
the total number of items within the median class. In formula form this is; 

Median = L' — ji 

where L' is the upper limit of the class in which the median occurs g* is one-half of 
one item less than the number of cases to be subtracted to get the median item, and f 
and i are .the. same as in the previous formula. 
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It is also to be noted that neither of these averages can be used to 
determine the total value of all the cases where the number of cases is 
known. The product of the number of cases and the median, or the 
mode, does not give the total of the data (except in a normal distribution 
as explained on page 236). 

Finally, it should be appreciated ‘that, although theoretically there 
should be the same number of cases larger and the same number smaller 
than the median, this may not be the case if an array contains groups of 
numbers of the same size. The median size of men^s shoes sold by The 
Paris Store (see Exhibit 64, page 136) was stated to be 8^, for this is 
the size of the 1,153d or mid-case. But there are 1,060 items smaller and 
835 items larger, and the median might be taken as any one of the 410 
items of the size 8^. That is, the median might be taken as the 1,061st 
item or the 1,470th item, or any intermediate item, and yet the value of 
the median would still be 8^, because this is the size of all 410 items. 
This indefinite quality of the median, it is to be observed, exists chiefly in 
discrete (non-eontinuous) series, and it is particularly evident in the 
above illustration because the data are particularly discrete. 

Computation of the Geometric Average. — The geometric average (or 
geometric mean) is the nth root of the product of n factors. Thus, the 
geometric average o^lO, 100, and 1,000 is the cube root of (10 X 100 X 
1,000) or ^ 1,000,000 which is 100. (Note that the arithmetic average is 
[10 + 100 + 1,000] ^ 3 or 1,110 -f- 3 which is 370.) As there are 
usually more than three items to be averaged geometrically, there are 
usually more than three factors to be multiplied together and a higher 
root than the cube root to be extracted. Therefore, in computing this 
average, a knowledge of the more simple uses of logarithms is necessary.^ 

An easy rule to remember is that the geometric average is obtained by 
finding the arithmetic average of the logarithms of the items, which figure 
is the log of the geometric average. The procedure is just the same as in 
finding the arithmetic average of the data, except that the logarithms 
of the items are used instead of the items themselves. Therefore, to find 
the geometric average of several items in an unorganized presentation or 
in an array, add the logs of the items, divide by the number of items, 
and look up the antilog. To illustrate, the geometric average of 10, 100, 
and 1,000 may be found by adding the logs of these items, namely 
1, 2, and 3, then dividing the sum (6) by 3 and looking up the antilog of 
the result (2), which is 100. 

In a frequency distribution, the process of computing the geometric 
average with the use of logarithms is similar to that used in computing 

^ A brief explanation of logarithms and how to use them is given in Appendix VII, 
pp. 723-728. 
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the arithmetic average of the data. The computation is illustrated in 
Exhibit 88, in which it will be seen that the logarithm of each size (see 
second column) is multiplied by the corresponding number of items 
(third column). The resulting product (see fourth column) is the 
logarithm of a stated power of the given size. Thus, when the logarithm 


THE PARIS STORE 

Computation of the Geometric Average Size of Mbn^s Shoes Sold in 1937 


Size 

Log of size 

Number of pairs 

i 

Product of log and 
number of pairs 

4i 

.66321 

5 

3.26605 

6 

.69897 

10 

6.98970 

5i 

.74036 

20 

14.80720 

6 

.77815 

25 

19.45375 

6i 

.81291 

75 

60.96825 

7 

.84510 

150 

126.76500 

7i 

.87506 

300 

262.51800 

8 

.90309 

475 

428.96775 

8J 

.92942 

410 

381 .06220 

9 

.95424 

375 

357.84000 

9i 

.97772 

220 

215.09840 

10 

1.00000 

125 

125.00000 

101 

1.02119 

75 

76.58925 

11 

1.04139 

20 

20.82780 

llj 

1.06070 

15 

15.91050 

12 

1.07918 

5 

5.39590 

Total 1 


2305 

2121.45975 


Log of the geometric average = 2121.45975 2305 = .92037. 

Antilog of .92037 = 8.325, the geometric average. 

Exhibit 88. — Computation of geometric average from frequency distribution of size values. 


of size 4| is multiplied by 5, the result (3.26605) is the logarithm of tlie 5th 
power of The total of the logarithms of the 2,305 items is the sum 
of the fourth column, namely 2121.45975. By dividing this by 2,305, 
the logarithm of the 2,305th root of the product of 2,305 items is obtained. 
This is .92037, which is the logarithm of 8.325, the geometric average. 

Significance and Use of the Geometric Average. — The geometric 
average is useful in averaging ratios, which express rates of change. 


^ Since the 6th power of 4 J means that the number is multiplied by itself 4 times 
(that is, there are 6 factors of 4J), the logarithm 3.26605 is the logarithm of the 
product of 5 items of size 4J. Then the logarithm of size 5, namely ,69897, multiplied 
by 10 gives the logarithm of the product of 10 factors having size 5 (i.e., 5 X 5 X 5 X 5 
X5X5X5X 6X5X5). 









178 


BUSINESS STATISTICS, 


These ratios are usually called ‘‘percentage relatives/' For instance, if 
the price of sugar at one date is 6 cents and a year later it is 10 cents, the 
price at the first date may be taken as 100 and that at the later date will 
be 200. In other words, the second price is 200 per cent of the first. 
Now, if the price of bacon at the same dates is 80 cents and 40 cents, 
respectively, the percentage relatives are 100 and 60. What is the 
average price condition of these two commodities at the two dates? If 
we average the percentage relations arithmetically the results are as shown 
in the table below, and the average change is from 100 to 125. 


! 

Helative price 
at first date 

Relative price 
at second date 

Sugar 

100 

200 

Bacon 

100 

50 


Total 

200 

250 


Arithmetic mean 

100 

125 



However, if we average geometrically, the average at the first an d at 
the second date will be 100, and no change is found (\/200 X 50 = 
\/l0>000 = 100). The latter is in accordance with the facts, for the 
change in the price of sugar has been offset by a similar inverse change in 
the price of bacon, assuming that each change is to be given equal weight. 

In studying index numbers in Chapter IX, further illustrations of 
the use of the geometric average as the best method of averaging percent- 
age relatives will be presented. It is well to note that the geometric 
average is seldom used to average the observed values, as was done for 
purposes of illustration in Exhibit 88. Its use is necessary, however, in 
such problems as averaging percentage relatives or other expressions of 
rate of change. 

Quartilesy Deciles, and Percentiles. — Sometimes it is desirable to 
obtain representative values other than the averages described in the 
preceding discussion. Thus, if salesmen are graded according to the 
dollars of sales attained, they may wish to know what amount of sales is 
necessary to place them above the first one-fourth of the salesmen, or 
above one-half of the salesmen, or above three-fourths of the salesmen. 
These dividing points, qr rather the values at the points dividing the 
number of salesmen, are called the first, second, and third quartiles, 
respectively. They are found by dividing the number of items into four 
parts and finding the values of the items at the three resulting division 
points. Obviously, the items must first be arranged in order of size. 
Ateo, it will be noted that the second quartile and the median are identical. 
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The quartiles, deciles, etc., are always numbered from the smallest to the 
largest. 

The first quartile in Exhibit 64, page 136, is the value of the item 
which is one-fourth of the total number of cases from the smallest case. 
Thus, it is approximately the 576th item. Counting up from the smallest 
item, we find this to be size 7^. The second quartile, or median, is the 
value of the 1,153d item, which we previously found to be 8J. The 
•third quartile is approximately the 1,729th item, or size 9. 

Deciles and percentiles are measurements similar to the quartiles, 
except that they are found by dividing the number of items into 10 and 
100 parts, respectively. Thus, there are 9 deciles and 99 percentiles. 


SOUTHERN MANUFACTURING COMPANY 
DISTRIBUTION OF MEN BY DAILY WAGES 
JUNE 30, 1938 


OF MEN 



I I I I III I ! I I I I 

0-1 12 23 3 ^ 4-5 5-6 6-7 78 8-9 91010-11 11-12 121313 - 1414^5 

WAGES IN DOLLARS PER DAY 


EbcHiBiT 89. — In distributions approaching a bcll-shapcd curvo, the mode is indicated 
by the highest point on the curve. 

Determination of Averages, Quartiles, Etc., from Frequency Curves. — 

Two of the averages which have been considered can be determined from 
frequency curves. These are the mode, which can be found on an 
ordinary frequency curve, and the median, which can be determined on a 
cumulative frequency curve. The quartiles, deciles, and percentiles can 
' also be located by means of the cumulative frequency curve. 

In distributions which approach the bell-shaped curve, ^ the mode can 
easily be read from the graph, as it is determined by the highest point on 
the curve. That is, the mode is the value on the horizontal scale under 
the highest point on a frequency curve) providing, however, that the 

^See Exhibit 72 for a graphic presentation of fundamental types of frequency 
curves. 
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adjacent portions of the curve are high enough to indicate that this 
point is the place of greatest density. In the curve of Exhibit 89, for 
instance, it is easy to see that the highest point is at the $5.00 to $6.00 
class interval, or, in other words, that the most common wage is between 
$5.00 and $6.00. This curve also shows, however, that there are almost 
as many men receiving wages between $6.00 and $7.00. This fact should 
be taken into consideration when interpreting this curve. If a single 
figure or modal average is estimated from this curve, it is obvious that * 
$5.50 (half way between five and six) is probably not as close an approxi- 
mation as $5.75.^ 



Exhibit 90. — Determining the median from a cumulative frequency curve. (The point 
is found where the curve crosses one-half the greatest ordinate value, and the median is 
read directly under this point on the horisontal scale.) 

Since the cumulative frequency curve shows the cumulated frequencies 
f^>ordinates, the median is located by finding the abscissa value for the 
point at which the ordinate value on the curve is half way between zero 
and the largest ordinate value.* For instance, in Exhibit 90, the greatest 
ordinate value is approximately 800 men. Half way between zero and 
800 is 400. Then, if we find the point where the curve crosses the 400 
line and read the value in the horizontal scale directly below this point, 
we find that the median is between 6 and 7 or, in other words, approxi- 
mately $6.50. 

^ See footnote on page 171 for mathematical method of interpolating for the mode. 

* As mentioned in Chap. Vll, the ordinates are the freqneiisiss, and the sizes are 
shown along the abscissa line. 

' 'i 
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If a ‘‘more than'' curve were also plotted on the chart in Exhibit 90, 
it would cross the “less than" curve at the medfen. In other words, 
two cumulative curves of a frequency distribution will cross at the 
median. 

Quartiles may be determined from a cumulative frequency curve in 
the same manner as the median, except that the highest ordinate value is 
divided into four parts instead of into two. In Exhibit 90, one-fourth 
of the highest ordinate value is 200 men. Thus, if we find the points 
where the curve crosses the 200, 400, and 600 lines and read directly 
below these points, we will have the first quartile ($5.00), the second 
quartile ($6.50), and the third quartile ($8.50), respectively. Deciles and 
percentiles can also be located by dividing the distance to the highest 
ordinate value into 10 or 100 parts, respectively. The abscissa values of 
the corresponding points on the curve are then read from the chart. 

Because they are determined mathematically instead of according 
to their position in the data, the arithmetic and geometric averages are 
not ascertained by graphic methods. 

Indicating Changes in Combinations of Statistical Series. — In this 
chapter, the methods of obtaining values which are condensed representa- 
tions of data have been explained, and the use and significance of these 
representative values, or averages, have been considered. From this 
discussion, it will be realized that when the problem is one of analyzing 
changes in combinations of time or other series, something more than 
the ordinary use of averages is required. A device commonly used in 
such problems is known as the “index number," which is the subject of 
the following chapter. 

Questions and Problems 

1. Does the frequency distribution measure numerical data? What is its 
purpose? 

2. Name four major types of measurements which may be applied to organized or 
unorganized data. 

3. Describe the common types of averages. Explain the use of each. 

4. Describe the procedure in obtaining an arithmetic average of data presented^ 
(a) in unorganized form; (6) in an array; (c) in a frequency distribution not having 
class intervals; and (d) in a frequency distribution having class intervals. 

6. What is the weighted arithmetic average? The average of extremes? How 
are they used? 

6. Define the mode. How is it located? When should it be used? 

7. Give the rule for interpolating within a class interval to locate the mode. 

8 . Compare the arithmetic average and the mode as to: (o) effect of extreme 
items in the computation; (h) existence of the average as an actual case; (c) ease of 
locating or determining; and (d) popular use. 

9. Describe how the median is obtained from (a) an array; (6) a frequency^ 

distribution not having class intervals; and (c) a frequency distribution having class 
intervals. " ^ ^ . 
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10. Is the median easier to locate than the mode? Is it more definite? Is it 
always a representativ|i average? When is it particularly not likely to be 
representative? 

11. Explain how the geometric average is computed. 

12. When should the geometric average be used in preference to other averages? 

18. What are quartiles, deciles, and percentiles? How are they used? 

14. Which average can be obtained by reading from a frequency curve? Which 
by reading from a cumulative frequency curve? How are these readings made? 

16. Can quartiles be located from a graphic presentation of a frequency distribu- 
tion? From what type of graphic presentation? 

16. A study was made of the amounts spent for lunches by university students 
which revealed the following distribution of meal checks in a given week: 


Amount of 
meal check 
in cents 

2.5- 7.5. 

7.5- 12.5. 

12.5- 17.5. 

17.5- 22.5. 

22.5- 27.5. 

27.5- 32.5. 

32.5- 37.5. 

37.5- 42.5. 

42.5- 47.5. 

47.5- 52.5. 

52.5- 57.5. 

57.5- 62.5. 

62.5- 67.5. 
Total. . . . 


Number 

of 

customers 

6 

101 

327 

489 

577 

556 

583 

621 

280 

126 

63 

17 

J 

3,750 


From the above series compute the average meal check, by the following methods: 
' a. Mode (estimate and compute the mode and note the difference). 
h. Median (compute). 
ja. Arithmetic mean, 
d. Geometric mean. 


17. What is the average wage paid by the Alexander Manufacturing Ck)mpany 
according to data presented in Problem 27, pages 158-159? 

Compute the following: 

а. Simple arithmetic average. (Total pay roll is $6,047.50.) 

б. Average of extremes. (Arithmetic average of highest and lowest wage 

items.) 

c. Mode. (Use the frequency table of wage data made for Problem 27, page 
157, and find the mid-point of the modal class.) 

<2. Median. (Use the frequency table of wage data made for Problem 27, 
page 157, and the actual data on pages 158-159 to determine the actual 
median — ^not the computed, median.) 

'.Write a brief report on the advantages and disadvantages of the preceding 
averages. 

18. What is the average age of workers employed by the Alexander Manu- 
Ipl^ring Company accoidmg to data presented in Problem 27^ pages 158-1597 
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Compute the following: 

o. Simple arithmetic average. (Total of ages is 8,760 years.) 

b. Average of extremes. (Arithmetic average of highest and lowest wage 

items.) 

c. Mode. (Use the frequency table of age data made for Problem 28, page 160 

and find the mid-point of the modal class.) 

d. Median. (Use the frequency table of age 4f<ta made for Problem 28,, page 

160, and the actual data on pages 168 and 169 to determine the actual 
median — ^not the computed median.) 

Write a brief report on the advantages and disadvantages of the preceding 
averages. ^ 

19. What is the average length of service of workers (irnployed by the Alexander 
Manufacturing Company according to data presented in Problem 27, pages 158-159? 

Compute the following: 

а. Simple arithmetic average. (Total of years of service is 808.7.) 

б. Average of extremes. (Arithmetic average of longest and shortest length 

of service items.) 

c. Mode. (Use the frequency table of length of service data made for Problem 

29, page IGO, and find the mid-point of the modal class.) 

d. Median. (Use the frequency table of length of service data made for 

Problem 29, page 160, and the actual data on pages 158-159 and find the 
actual median, not the computed median.) 

Write a brief report on the advantages and disadvantages of the preceding 
averages. 

20. From the following table of prices of Class AAA bonds on April 1, 1937, 
compute the average pric(^ of such bonds. Compute: 

o.. Arithmetic mean. 
h. Median, 
c. Geometric mean. 

Pri(!Es op 30 Class AAA Bonds 
Week Ending April 2, 1937 


Name of company 

Price 

Name of company 

Price 

Alleghany Valley Ry 

1071 

Erie and Pittsburgh RR 

.. 103* 

American Tel. and Tel 

106 J 

Hackensack Water Co 

.. 106 

Atchison, Topeka, & Santa Fo Ry . . 

1082 

Hudson County Gas Co 

. . 118* 

Atlantic Refining Company 

lOOJ 

Illinois Central RR 

. 110* 

Brooklyn Edison Company 

98i 

Illinois Steel Co 

. . 107 

Canadian Pacific Ry 

llli 

Inland Steel Co 

.. 101* 

Chesapeake and Oliio Ry 

106g 

Kansas City Terminal Ry 

.. 106* 

Chicago Union Station Co 

105 

Liggett & Myers Tobacco Co . . . 

.. 121 

Cincinnati Gas and Electric Co 

98 

Little Miami RR 

.. 109 

Cleveland Electric Illumin. Co 

107 

(P.) Lorillard Co 

.. 117* 

Columbus and Toledo RR 

107 

Michigan Central RR 

.. 105* 

Consolidated Edison Co. (N. Y.) . . . 

103i 

Montana Central Ry 

. . 101* 

Ck>nsolidated Gas Co. (N. Y.) 

106* 

National Steel Corp 

. . 103* 

Detroit Edison Co 

112* 

Ontario Power Co 

.. 112* 

Duqueshe Light Co 

102* 

Richmond Terminal Ry 

. . 103* 


Source: Commercial and Financial Chronicle. 



CHAPTER IX 
INDEX NUMBERS 


' How much have general business conditions changed since a year ago 
and since five years ago on the average? How much has the general price 
level risen as compared with 1933? How has industrial production 
changed during the past ten years? Questions like these are common 
among those interested in business affairs^ and a valuable aid in answering 
them is the special statistical device known as the index number. 

About the middle of the eighteenth century, an Italian named 
Carli wished to know the effect of the discovery of America upon the level 
of prices in Italy. To measure the price change which had taken place, 
he obtained a representative price of each of three commodities in the 
year 1600 and in the year 1760. The three commodities chosen were 
grain, oil, and wine, which were considered to be representative of all 
Italian commodities. These prices were then expressed as percentage 
relatives; that is, the prices in 1600 were each taken as 100 and the prices 
in 1760 were expressed relatively to their corresponding prices for the year 
1600. Carli then averaged the three percentage relatives of the year 1760 
arithmetically, and the resulting relative was his index of the change in 
prices between the years 1600 and 1760. 

Since the time of the introduction of Carli's simple index number, 
the use of index numbers has increased until now we have indexes (some 
of them based upon hundreds of items) of wholesale and retail prices, 
general business conditions, financial situations, prices of stocks and 
bonds, commodity market growth, and other changes in business activi- 
ties. The use and value of both general and special index numbers have 
increased very rapidly with the growing interest in statistics. 

Illustration of the Purpose of Index Numbers. — ^In Exhibit 91, the 
prices of 24 commodities from 1910 to 1937 are charted. In each curve 
the relative changes in a particular commodity price can be compared. 
Also, , since all of the curves are presented upon the same logarithmic 
scale,, it is possible to compare the changes in each commodity price with 
the changes in all of the other commodity prices during the years shown. 
But will such a detail^ comparison of 24 curves indicate the change in 
the group as a whole? Can an accurate interpretation of the movement 
of the entire group of commodity prices be obtained from a study of 
these ihdividucd curves or from a study of each of the series of data which 
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Exhibit 91. — In order to ehow what changes have taken place in the group as. a whole, 
the above curves may be combined as an “index number." 
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“ tkey represent? It will be noted that the xinits differ and that the 

changes vary greatly in direction and in relative* hs^^lihde. Can a 
picture of the composite change in the group as a whole be Obtained? 

• Clearly, a device which would summarize the movement of the whole 
group and which, at the same time, would be sensitive to the movement 
and to the influence of each individual element of the group in its proper 
relation to the whole, would be of great practical usefulness. To do 
this is the purpose of an index number. An index number is not only 
' capable of summarizing masses of data, but, as will be noted later, it is 
capable of being so constructed that it will be more sensitive to a certain 
element or group of elements than to others, which procedure may be 
desirable for special purposes. 

Instead of representing the difficulty of obtaining an accurate con- 
ception of the movement in the prices of 24 commodities as a whole. 
Exhibit 91 might quite as readily have represented the movement of 
the production of 24 flour nulls, the revenues of 24 different railroads, 
the deposits of 24 banks, the meals served by 24 restaurants, the auto- 
mobiles produced by 24 different manufacturers, the number of persons 
employed in 24 factories, the sales of 24 retail stores, or other similar 
data. • It suggests the need for some device by which the movements of 
complex groups can be portrayed accurately, tand it illustrates the diffi- 
culty of obtaining an accurate picture of complex groups without the use 
of some summarizing device such as an index number. Without this 
device, no definite knowledge of the changes in a complex group of 
variables can be obtained. Are prices higher today than last year; are 
wages higher; are building costs higher; is industrial activity greater? 
Knowledge of every individual price, wage, building cost, or production 
change will not answer these questions. To obtain a definite picture, 
/the individual price changes, wage changes, etc., must be summarized in 
la composite expression. This is both the nature add the value of an 
I index number, as applied to problems of measuring business activity. 
' It is an "indicaior” of the composite variation in a large number of elements. 

In many instances, the variations in a number of individual series are 
. not indicative, and it is only when they are properly merged that they 
are definitely significant. 

Pfesent-day Use of Index Numbers in Business. — ^As a statistical 
device, the chief purpose of present-day index numbers in the business 
world is to measure business conditions, either generally as to a wide 
rai^e of business activities, or specifically as to one or a few phases of 
bdemess activity. Carli, in the eighteenth century, had a particular pur- 
. peso in inventing an index number to measure the change in the g^eral 
V pride level, although he used but three commodity prices to represent the 
price field. The price level..is one of the most important subjects 
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of index-number studies, and we have today many published inde|| 
numbers which indicate the changes in price conditions in the wholesalP 
field and in the retail field. ^ Other index numbers are published regularly 
to indicate changes in the volume of trade, in stock and in bond prices, 
in production of commodities, in the cost of living, and in many other 
business data. Some of these indexes have a general purpose, such as 
the measurement of the cost of living throughout the United States or the 
volume of trade in the country as a whole. Other indexes are prepared, 
although not always published, for special purposes, such as the cost of 
living among the factory workers of a certain factory, or the volume of 
trade in one class of commodities within a small area. 

Importance of Proper Construction. — If properly constructed, an 
index number is of great value; if not properly constructed, it is a danger- 
ous device. It will be readily recognized that the problem of measuring 
changes in the general level of prices, for example, is not an easy one. 
Thousands of commodities are dealt in daily. For some commodities, 
representative prices are easily obtained; for others they are not. While 
some prices are advancing from day to day, others are declining. Also, 
in the general price level, some commodities are of far greater importance 
than others. These and many other obstacles must be overcome in 
obtaining one figure — an index number — to represent the change in 
the entire price level from one period to another. 

Steps in the Selection and Construction of an Index Number. — 
Although the conditions under which index numbers are constructed are 
not uniform, in general the steps are as follows: 

1. Definition of the purpose of the index number. Until the purpose for which it is 
to be used is clearly and exactly stated, decisions can not be made in the steps that 
follow. 

2. Determination of the number and the kinds of units in which the data are to he 
collected. Specifically, if we are seeking an index of wholesale prices, how many 
commodity prices are to be included, and which of the thousands of items that might 
be chosen shall be used to represent all wholesale prices? Also, will price quotations 
be for dozens, tons, pounds, bushels, or some other unit of measure? 

3. Determination of the relative importance of the items selected and the assignment of 
weights to these items. Obviously sugar is more important than nutmegs, but to what 
degree? This problem of weighting will be considered at length later in this chapter. 

4. Decision as to the sources from which the data are to be collected and the methods of 
collection. Cotton prices and wheat prices are quoted on several exchanges and in 
local markets. Other items, such as machinery, furniture, or clothing, are not regularly 
sold in exchanges or auctions, and a definite price may be more difficult to obtain. 
Care must be taken that the quotations are representative. It frequently happens 
that the prices quoted do not represent important volumes of transactions, because 
large purchases may be made on the basis of long-time contracts, and the market prices 


^ See the discussion of published index numbers at the end of this chapter. 
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)pay apply only to a very small volume of goods. ' In all cased^ lioweverj definite 
\decisions must be made as to what sources of quotations shall be used. 

5. CoUeclian of the data. In collecting data, it is essential that the dMnons made 
in the four preceding steps be constantly kept in mind. For example, ih collecting 
prices for a given month, the question will arise as to whether the opening price on the 
first day of the month, the average price of the day, the closing price of the day, one 
of these prices on the fifteenth day, an average of daily opening prices for the month, 
etc., is to be obtained. This is a problem of the kind of unit, and it should be deter- 
mined in connection with Step 2. 

6. Choice of the general method of calcvlating the index number itself from the data 
collected. In the pages that follow, a number of the methods that are commonly used 
in calculating business index numbers will be described and illustrated. 

7. Selection of the basis of reference, or *^hase period** if one is used. As described 
previously, it is usual to base index numbers upon the value for a given period, which 
Is taken as 100. Problems in selecting this base period will be considered later. 

8. Selection of the form for final expression and completion of the arithmetical com^ 
pvtalions. Usually, the final form for expression of the index number is a percentage 
relative — ^that is, on the basis of 100. Sometimes, however, a sum total of the items 
at a given date is used as the final form. Various procedures will be illustrated in 
certain methods of computing index numbers, which are described below. 

Methods of Calculating Index Numbers. — There are many ways of 
calculating index numbers, but only a few of the more important will be 
dtjscribed here. They are as follows: 

A. Aggregates. 

1, Unweighted totals of actual prices (or other data). 

2. Weighted totals of actual prices (or other data). 

B. Averages of Percentage Relatives. 

1. Unweighted averages. 
a. Arithmetic mean. 
h. Median. 

c. Geometric mean. 

2. Weighted averages. 
a. Arithmetic mean. 
h. Geometric mean. 

C. Fisher's “Ideal" Index Number. 

Each of, the methods will be described by giving the steps in the calcula^ 
tion, and by showing an illustration of the calculation. In order to 
facilitate comparison of the different methods and their results, the same 
original data (the prices of 11 basic commodities for the year 1926 and 
the month of January 1938) have been used. In the illustrations the 
methods are applied to prices, but they may also be applied to general 
business conditions, industrial production, trade, factory employment^ 
retail sales, and many other types of data.^ 

^ — , 

^For additional information on index numbers, see F. C. Mills* '^Statistical 
Methods," 2nd. ed.. Chaps. VI and IX, Henry Holt and Company, New York, 1938} 
oxid B^fieUn 284, United States Bureau of Labor Statistics (see footnote p. 203). 
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Unweighted Aggregative Index Number.— This index number is 
sometimes called a “ simple ” aggregative index number. The steps in its 
calculation are: 

1. ESxpress the items in terms of some common basis of measurement (such as 
dollars in the case of prices). 

2. Find the total of the values of the items for both the base period and the period 
for which the index is being computed. 

3. Divide the total for the period for which the index is to be found by the total 
for the base period and point off as a percentage or multiply by 100 (to express the 
result as a percentage relative). The result is the unweighted aggregative index 
number. 


Exhibit 92 shows the computation of an index number of the prices of 11 
basic commodities in January 1938 as compared with the year 1926, by the 
method of unweighted aggregates. 


Commodities* 

Units of 
quotation 

1926 

prices 

January 1938 
prices 

Wheat 

Bushel 

$ 1.542 

$ 0.978 

Hogs 

100 pounds 

13.115 

8.605 

Cotton 

Pound 

.170 

.084 

Wool 

Pound 

.457 

.318 

Sugar 

Pound 

.043 

.032 

Hides : 

Pound 

.140 

.141 

Coal 

Net ton 

4.314 

4.441 

Petroleum 

Barrel 

1.884 

1.160 

Pig iron 

Gross ton 

20.616 

25.890 

Lumber 

1,000 feet 

45.109 

43.740 

Rubber 

Pound 

.487 

.148 

Total 


$87,877 

$85,537 


Divide total of January 1938 prices by total of 1926?prices and point off as a'*" 
percentage or multiply by IQO. Thus: ($85,537 -5- $87,877)100 = 97.34. 


* The following bulletins of the United States Bureau of Labor Statistics were the sources of prices 
and weights used in this chapter in the illustrations of the computation of index numbers: BuUeftn.453« 
“Revised Index Numbers of Wholesale Prices, 1023 to July 1927“ (for average prices for 1920 and 
weights) ; January 1938 Buflefin, “ Average Wholesale Prices and Index Numbers of Individual Com- 
modities” (for average prices for January 1038). 

The price quotations are for the following classes of commodities: wheat, cash — number 2, red win- 
ter, Chicago; hogs, Chicago — good to choice, light butchers; cotton, middling — Galveston; wool, Boston 
— domestic — Ohio, grease basis — medium grades; sugar, New York — raw, 98 degrees centrifugal; 
hides, Chicago — packers' — ^heavy native steers; bituminous coal (composite price) — mine run; petro- 
leum, crude, wells — Kansas-Oklahoma; pig iron — ^foundry, number 2, northern, Pittsburgh; lumber — 
pine, yellow, flooring, mill; and rubber, crude. New York— plantation, ribbed, smoked sheets. 

The weight assigned to each commodity quotation in the illustrations presented later in this chapter 
is the total weight assigned to all quotations of the commodity by the Bureau of Labor Statistics. 
These were determined by that bureau from data for the years 1923 to 1026. 

Exhdit 92 . — Calculation of unweighted aggregative index number. 
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From this calculation the unweighted aggregative index number for 
Januaiy 1938 is foiuid to be 97.34, which indicates a net decrease of less 
than 3 per cent for the period from 1926 to January 1938. 

The chief advantage of this index number is that it is simple to 
compute. It is merely the percentage that the total of prices for a given 
period is of the total of prices for a base period. 

A very important disadvantage of thi s index number is that it is easily 
influenced in such a manner ^ to give biased results when some of the 
elements .used in its construction are quoted in units which differ from 
the other s bv large amounts. Thus, if one changes the method of 
quoting pig iron in the above illustration to a price per pound, the index 
number is 88.69 instead of 97.34; if the cotton price is changed to a price 
per 600-pound bale, the index is changed from 97.34 to 73.80; if the quota- 
tion for hides is changed from a price per pound to a price per 100 pounds, 
the index number becomes 97.80 instead of 97.34; and if the quotation 
for rubber is changed to a unit of 100 pounds, the index number is 73.62. 
Again, so far as an effect upon the final index found is concerned, a change 
of 26 per cent in the price of lumber has more than 1,000 times as much 
influence upon the index as a change of 26 per cent in the price of sugar, 
because the magnitude of the former is more than 1,000 times the latter. 
That is to say, the influence of each item upon the resulting index number 
depends upon its size in relation to the sum of all the items. In Exhibit 
92, the sum of all the items consists chiefly of the prices of lumber, pig 
iron, and hogs; and the items of sugar, cotton, and hides have very little 
influence upon the total. Clearly, unless it is desired to give more weight 
to certain items than to other items, the unit of quotation should be such 
that the size of the price per unit is as nearly uniform as possible (at least 
in the base year). If the unit of quotation is not uniform, the items will 
be unequally weighted. 

Computation of Weighted Aggregative Index Number. — ^The steps 
involved in the computation of this index number are as follows: 

1. Multiply each item, both in the base period and in the period for which the 
index number is being computed, by the weight used for each respective item, 

if a price index is being computed, the we%ht by which each pricQ is multiplied is 
usually the quantity produced or marketed. Problems involved in the determination 
of the proper weights for index numbers of prices are discussed later in this chapter.) 

2. Fiad the total of the results in Step 1 for both the base period and the period 
for which the index is being computed. 

3. Divide the total for the period for which the index is bemg computed by the 
total for the base period and point off as a percentage or multiply by 100. The result 
is the index number (expressed as a percentage of the figure for thb base period). 

Exhibit 93 shows the computation of a weighted i^^egative index 
- for the prices of the 11 basic cbxnmodities for January 1938 as 
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As indicated by Step 3, this index number is usually expressed in the 
form of the percentage relation of totals, although it may be expressed 
merely as the totals themselves (Step 2).^ In general, it is one of the best 
index numbers for practical use, since it weights each item in propor- 
tion to both its price and quantity. 


Commodities 

Units of 
quotation 

1926 

prices 

I (in dol- 
lars) 

January 
1938 
prices 
(in dol- 
lars) 

Weights* 

(in 

thousands) 

Total values 
at 1926 
prices 
(in thou- 
sands of 
dollars) 

Total values 
at January 
1938 prices 
(in thou- 
sands of 
dollars) 

Wheat 

Bushel 

1.542 

.978 

628,711 

969,472 

614,879 

Hogs 

100 pounds 

13.115 

8.605 

123,305 

1,617,145 

1,061,040 

Cotton 

Pound 

.170 

. .084 

6,629,267 

1,126,975 

556,858 

Wool 

Pound 

.457 

.318 

426,910 

195,098 

135,757 

Sugar 

Pound 

.043 

.032 

10,360,669 

445,509 

331,541 

Hides 

Pound 

.140 

.141 

‘ 1,330,230 

186,232 

187,562 

Coal 

Net ton 

4.314 

4.441 

496,244 

2,140,797 

2,203,820 

Petroleum 

Barrel 

1.884 

1.160 

811,265 

1,528,423 

941,067 

Pig iron 

Gross ton 

20.616 

25.890 

8,594 

177,174 

222,499 

Lumber 

1,000 feet 

45.109 

43.740 

30,822 

1,390,350 

1,348,154 

Rubber 

Pound 

.487 

.148 

740,725 

360,733 

109,627 

Total 





10,137,908 

7,712,804 







Dividing the total value in January 1938 by the total value in 1926 (7,712,804 -4- 
10,137,908) and pointing off as a percentage or multiplying by 100, one finds the index 
number for January 1938 to be 76.08. 


* See footnote in Exhibit 92 for source of weights used. 

Exhibit 93. — Calculation of weighted aggregative index number. 


Percentage Relatives. — The second general method of computing 
index numbers is -that of averaging percentage relatives (see group B on 
page 188). Before describing the various forms of index numbers con- 
structed under this general method, it is essential that we become 
thoroughly familiar with the term “relatives,” which is more accurately 
described as “percentage relatives.” This term is used to indicate the 
percentage ratios of the items to a certain base. If wheat were 80 cents 
a bushel in 1935 and 90 cents in 1938, the percentage relative for wheat in 
1938 on a 1935 base would be said to be 112.5.* The percentage relative 


‘ Two of the best known indexes of wholesale prices in the United States (Brad- 
street’s and Dun’s) were not expressed as percentage relatives, but as totals in dollars 

and cents. (Theseindexes were discontinued in 1937.) 

* Simpio percentage relatives are sometimes referred to as “index numbers” in e^ 
tain publications. In tUs book, the term “index number” is not applied to a 
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Pig Iron Production in the United Statbs, 1926-1937 


Years 

Production 
(in thousands 
of tons) 

Percentage relatives 
1931 = 100 
(m) 

Percentage relatives 
1933 = 100 
(n) 

1925 

36,408 

199 

276 

1926 

39,072 

214 

296 

1927 

36,228 

198 

274 

1928 

37,836 

207 

286 

1929 

42,288 

231 

320 

1930 

31,404 

172 

238 

1931 

18,276 

100 

.138 

1932 

8,688 

48 

66 

1933 

13,212 

72 

100 

1934 

15,912 

87 

120 

1935 

21,012 

115 

159 

1936 

30,624 

168 

.232 

1937 

36,612 

200 

277 


Exhibit 94 A . — Actual data and percentage relatives with two different bases. 


ACTUAL DATA AND PERCENTAGE 
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EiXBiBiT 94B. — Comparison of relative fluotuations of actual data and percentasa relatives 

with different bases. 


ceatage relative/' unless it is also an index number in the sense that it is an. indicator 
of the composite variation in a large number of elements^ as previously explained. 
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for any other commodity would be obtained in the same manner. Simi- 
larly, if one were considering the cost of living in the different states of 
the United States, one might speak of the percentage relative of the cost 
of living in Texas as compared with the average cost in all the states. 

The table in Exhibit 94A shows the percentage relatives of the produc- 
tion of pig iron in the United States with two different years chosen as 
the bases of reference. In the first column of percentage relatives 
(marked m) the production of each year is stated as a percentage of the 
production of 1931; that is, the amount of production in each year has 
been divided by the amount of production in 1931 and the quotient 
has been pointed off as a percentage or multiplied by 100. In the second 
column of percentage relatives (marked n) the basis of reference is 1933. 


Commodities 

Units of 
quotation 

1926 

prices 

1926 

percentage 

relatives 

January 

1938 

prices 

January 1938 
percentage 
relatives 

Wheat 

Bushel 

$ 1.542 

100.0 

$ 0.978 

63.4 

Hogs 

100 pounds 
Pound 

13.115 

100.0 

8.605 

65.6 

Cotton 

.170 

100.0 

.084 

49.4 

Wool 

Pound 

.457 

100.0 

.318 

69.6 

Sugar 

Pound 

.043 

100.0 

.032 

74.4 

Hides 

Pound 

.140 

100.0 

.141 

100.7 

Coal 

Net ton 

4.314 

100.0 

4.441 

102.9 

Petroleum 

Barrel 

1.884 

100.0 

1.160 

61.6 

Pig iron 

Gross ton 

20.616 

100.0 

25.890 

125.6 

Lumber 

1,000 feet 
Pound 

45.109 

100.0 

43.740 

97.0 

Rubber 

.487 

100.0 

.148 

30.4 





Exhibit 95. — Calculation of percentage relatives of eleven basic commodity prices for 
January 1938. using 1926 as 100 per cent. 


It is customary, when stating the basis of reference of percentage relatives, 
to state it: “1931 = 100” or “1933 = 100,” as illustrated at the tops 
of the last two columns of the table in Exhibit 94 A. 

Exhibit 94B shows on a semi-logarithmic chart both of the series of 
percentage relatives, and the actual production of pig iron. The percent- 
age relatives, it will be noted, form two curves which are identical in 
shape with the curve of actual production. (The reduction of widely 
differing series to percentage relatives, for purposes of ready comparison, 
has many uses other than as index numbers.) 

In Exhibit 95, a second table of simple percentage relatives is ^ven 
for the prices of 11 basic commodities in January 1938 as compared with 
the year 1926. 

It will be noted that the percentage relatives for all of the commodities 
are 100 per cent in 1926. This is because each of the prices for 1926 was 
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used as thd basis of reference. It follows that any kind of average of the 
1926 percentages is 100 per cent. In most index number calculations, it 
is not necessary to insert the 100 per cent column, since it is always the 
same and can be assumed. In the illustrations given in the following 
examples, it has been omitted. 

Unweighted Arithmetic Mean of Relatives Index Number. — ^The steps 
in the calculation of this index number are: 

1. Express each item in the period for which the index number is being calculated 
as a t>ercentage (or '^percentage relative”) of the same item in the base period. 
(That is, divide the value of each item in the period for which the index is calculated 
by its value in the base period and point off as a percentage or multiply by 100.) 

2. Add the percentages obtained in Step 1. 

3. Divide by the number of items, t.c., the number of percentages computed in 
Step 1. The result is the index number. 

Exhibit 96 shows the computation of an unweighted arithmetic mean of 
relatives index number of the prices of 11 basic commodities for January 
1938 as compared with the year 1926. 


Commodities 

Units of 
quotation 

1926 

prices 

January 1938 
prices 

January 1938 
percentage 
relatives 

Wheat 

Bushel 

$ 1.542 

S 0.978 

63.4 

Hogs 

100 pounds 
Pound 

13.115 

8.605 

65.6 

Cotton 

.170 

.084 

49.4 

Wool 

Pound 

.457 

.318 

69.6 

Sugar 

Pound 

.043 

.032 

74.4 

des 

Pound 

.140 

.141 

100.7 

Coal 

Net ton 

4.314 

4.441 

102.9 

Petroleum 

Barrel 

1.884 

1.160 

61.6 

Pig iron 

Gross ton 

20.616 

25.890 

125.6 

97.0 

Lumber 

1,000 feet 
Pound 

45.109 

43.740 

Rubber. 

.487 

.148 

30.4 


Total 




840.6 






Divide the total of the January 1938 price relatives by the number of items 
(840.6 - 5 - 11) * 76.4. 

E«xhibit 96. — Calculation of unweighted arithmetic mean of relatives index number. 


From the calculation, we find the index number for January 1938 to be 
76.4. This value (76.4 for January 1938) shows the average percentage 
change from 1926, taking 1926 (the base year) as 100 per cent. The 
conclusion from this calculation would be that prices, on the average, 
declii^d by approximately 24 per cent during the interval from 1926 
to JaWary 1^8. 
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The strength of this index number lies in its relative ease of calculation 
and in the ease with which it may be understood. 

The peculiar shortcomings of this index number are that it may be 
unduly influenced by items of small importance and that it responds more 
readily to an upward movement than to a downward movement. The 
first shortcoming may be illustrated by imagining that we had included 
in our calculation some element of little importance, such as the price of 
carpet tacks, which, let us suppose, had risen from 3 cents a box to 15 
cents a box, an increase of 400 per cent, giving a percentage relative of 
500 for January 1938. Adding 500 per cent to 840.6 per cent and dividing 
by 12 instead of 11 gives an index number of 111.7 which would indicate 
that prices rose nearly 12 per cent, whereas from the viewpoint of the 
average person they fell nearly 24 per cent. The second shortcoming 
is a bias which is always found in the arithmetic average of relatives. The 
bias arises from the fact that the upward change in the price of any 
commodity may be indefinite, whereas the downward movement is 
limited to 100 per cent. Thus, if the price of wheat moves upward from 
99 cents to $2.99, the upward change would be greater than 100 per cent. 
However, it cannot move more than 100 per cent in the downward 
direction (see also pages 177 and 178), for, if a price decreases 100 per cent 
of itself, it becomes zero. 

Unweighted Median of Relatives Index Number. — The steps in the 
calculation of this index number are: 

1. Express each item in the period for which the index number is being calculated 
as a percentage (or “percentage relative”) of the same item for the base period. 

2. Form an array of the percentages obtained in Step 1. 

3. Find the median percentage, which will be the index number. 

Exhibit 97 shows the computation of an unweighted median of relatives 
index number of the prices of 11 basic commodities' for January 1938 as 
compared with the year 1926. From this index number (69.6) we would 
draw the conclusion that prices declined over 30 per cent for the period 
1926 to January 1938. 

The median is not influenced by unusual items which show a large 
change to any greater extent than by items of small change. It also 
possesses the very desirable characteristic of being easily calculated.^ 

1 If there is an even number of items instead of an odd number as in Exhibit 97, 
it is cudtomary to find the median by taking a point midway between the two mid- 
values. 

* The median possesses another characteristic which should be mentioned. It is 
not ordinarily susceptible to weighting, and never is unless the weights may be 
expressed in whole numbers. Whenever the median is weighted, however, it becomes 
a somewhat artificial type, unless many elements are being used in computing the 
index number. 



190 


BUSINESS STATISTICS 


However, it is often desirable that the index number be computed in 
such a way that the influences of extreme variations are recognized. In 
such cases, the method of the median of relatives is not to be recom- 
mended. Also, it is not a trustworthy method in cases where only a small 


Commodities 

\ 

Units of 
quotation 

1926 

prices 

January 1938 
prices 

i 

January 1938 
percentage 
relatives 

Wheat 

Bushel 

$ 1.542 
13.115 

$ 0.978 
8.605 

63.4 

Hogs 

100 pounds 
Pound 

65.6 

Cotton 

.170 

.084 

49.4 

Wool 

Pound 

.457 

.318 

69.6 

Sugar 

Pound 

.043 

.032 

74.4 

Hides 

Pound 

.140 

.141 

100.7 

Coal 

Net ton 

4.314 

4.441 

102.9 

Petroleum 

Barrel 

1.884 

1.160 

61.6 

Pig iron 

Gross ton 

20.616 

25.890 

125.6 

Lumber 

1,000 feet 
Pound 

45.109 

43.740 

97.0 

Rubber 

.487 

.148 

30.4 



The percentages array as follows: 30.4, 49.4, 61.6, 63.4, 65.6, 69.6, 74.4, 97.0, 
100.7, i02.9, 125.6. Five items are larger than 69.6 and five are smaller than 69.6. 
The median item is, therefore, 69.6, the index number sought. 

ExHmiT 97. — Calculation of unweighted median of relatives index number. 


number of items are included; probably it should not be used unless there 
are 60 or more items. 

Unweighted Geometric Mean of Relatives Index Number. — The 

steps in the calculation of this index number are: 

1. Express each item of the period for which the index number is being calculated 
as a percentage (or “percentage relative’’) of the same item in the base period. 

2. Find the logarithm of each percentage found in Step 1. 

3. Add the logarithms found in Step 2. 

4. Divide by the number of logarithms. That is, find the arithmetic mean of the 
logarithms. 

6. Find the antilogarithm of the quotient in Step 4. This is the index number. 

Exhibit 98 shows the computation of an unweighted geometric mean of 
relatives index, nuihber of the prices of 11 basic commodities for January 
1938, as compared with the year 1926. From the calculation, the geo- 
metric mean is found to be 71.6, which is the index number sought, and 
from which one would conclude that the prices of the 11 basic commodi- 
ttes declined over 28 per cent from 1926 to January 1938. 

^he geometric mean, while somewhat more complicated than the 
' indexes computed thus far, 'has the unportant' advantage of possesang 
ho bias and being affected m earily by a rise as by a fall in prices. How- 
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ever, is influenced to a relatively greater extent by small changes than 
by large changes, the effect of changes in the various items being in pro- 
portion to the logarithms of the percentage changes, and not in proportion 
to the absolute percentage changes, as is the case in the arithmetic mean 
of relatives. The geometric mean has a decided disadvantage in that it 
is somewhat difficult to explain to persons not versed in mathematics. 


Commodities 

Units of 
quotation 

1926 

prices 

January 1938 
prices 

January 1938 
percentage 
relatives 

Logarithms 

of 

relatives 

Wheat 

Bushel 

$ 1.542 

1 $ 0.978 

63.4 

1.80209 

Hogs 

100 pounds 

13.115 

8.605 

65.6 

1.81690 

Cotton 

Pound 

.170 

.084 

49.4 

1.69373 

Wool 

Pound 

.457 

.318 

69.6 

1.84261 

Sugar 

Pound 

.043 

.032 

74.4 

1.87157 

Hides 

Pound 

.140 

.141 

100.7 

2.00303 

Coal 

Net ton 

4.314 

4.441 

102.9 

2.01242 

Petroleum 

Barrel 

1.884 

1.160 

61.6 

1.78958 

Pig iron 

Gross ton 

20.616 

25.890 

125.6 . 

2.09899 

Lumber 

1,000 feet 

45.109 

43.740 

97.0 

1.98677 

Rubber 

Pound 

.487 

.148 

30.4 

1.48287 

Total 





20.40056 








Divide total of logarithms by number of items (20.40056 -5- 11) = 1.85460. 

Find antilogarithm of quotient (1.85460) which is 71.6, the index number sought. 
Exhibit 98. — Calculation of unweighted geometric mean of relatives index number. 


Computation of Weighted Arithmetic Mean of Relatives Index 
Number.^ — The steps in the computation of the weighted arithmetic 
mean of relatives index number are as follows: 


1. Express each item of the period for which the index number is being calculated 
as a percentage (or percentage relative'^) of the same item in the base period. 

2. Multiply the percentages, as found in Step 1 for each item, by the weight which 
has been assigned to that item. (The type of weight to be used is discussed in subse- 
quent paragraphs.) 

3. Add the results obtained from the several multiplications carried out in Step 2. 

4. Divide the suVn obtained in Step 3 by the sum of the weights used. The result 
is the index number. 

Exhibit 99 shows the computation of a weighted arithmetic mean of 
relatives index number of the prices of 11 basic commodities for J^uary 
1938, as compared with the year 1926, which is 76.0. From this calcula- 
tion, we would draw the conclusion that prices declined 24 per cent during 
the interval from 1926 to January 1938. 
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The weighted arithmetic mean of relatives corrects some of the difficul- 
ties mentioned in the unweighted arithmetic mean of relatives index. 
The degree to which it is representative of the various elements depends 
upon the weights assigned to the elements. 


Commodities 

Units of 
quotation 

1926 

prices 

January 

1938 

prices 

Weights 

assigned 

January 1938 
percentage 
relatives 

Weights 

times 

relatives 

Wheat 

Bushel 

$ 1.542 

$ 0.678 

9.6 

63.4 


Hogs 

100 pounds 

13.115 

8.605 


65.6 

1,049.60 

Cotton 

Pound 



11.1 

49.4 

548.34 

Wool 

Pound 

.4.57 

.318 

1.9 

69.6 

132.24 

Sugar 

Pound 



4.4 

74.4 

327.36 

Hides 

Pound 


.141 

1.8 


181.26 

Coal 

Net ton 

4.314 

4.441 

21.1 


2,171.19 

Petroleum 

Barrel 

1.884 

1.160 

15.1 

61.6 

930.16 

Pig iron 

Gross ton 

20.616 

25.890 

1.7 

125.6 

213.52 

Lumber 

1,000 feet 

45.109 

43.740 

13.7 


1,328.90 

Rubber 

Pound 

.487 

.148 

3.6 


109.44 

Total. 






7,600.65 








Dividing 7,600.65 by 100.0 we obtain 76.0* which is the index number. 


* The weighted arithmetic mean of relativei) and the weighted aggregative indexes are identical if 
the weights assigned to the former are proportional to the total values of the items in the base year. 

Exhibit 99. — Calculation of weighted arithmetic mean of relatives index number. 

Computation of Weighted Geometric Mean of Relatives Index 
Number. — The weighted geometric mean of relatives index number is 
computed in the same manner as the unweighted geometric mean of 
relatives index number, which is described on pages 196 and 197, except 
that weights are introduced by applying them to the logarithms of the 
relatives. The steps are: 

1. Express each item of the period for which the index number is being calci^ted 
as a percentage relative of the same item in the base period. 

2. Find the logarithm of each percentage relative found in Step 1. 

3. Multiply the logarithms by the weights assigned. 

4. Add the results obtained in Step 3. 

5. Divide the total obtained in Step 4 by the sum of the weights. 

6. Find the antilogarithm of the quotient obtained in Step 5. This is the weighted 
geometric average (or mean) of relatives index number. ^ 

In Exhibit 100, the computation of the weighted geometric mean of 
relatives index ntimber is shown for the prices of 11 basic commodities 
in January 1938 as compared with the year 1926. Computed by this 
. niethod, the index number is 72.7.^ From a mathematical standpoint, the 
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weighted geometric mean of relatives is an excellent method for computing 
index numbers. Because of the labor of computation it is not often used 
where many items are included in the index. 


Com- 

modities 

Units of 
quotation 

1926 

prices 

January 

1938 

prices 

January 

1938 

per- 

centage 

rela- 

tives 

Loga- 
rithms of 
relatives 

Weights 

assigned 

Weights 
times 
logarithms 
of relatives 

Wheat .... 

Bushel 

$ 1.542 

$ 0.978 

63.4 

1.80209 

9.6 

17.300064 

Hogs 

100 pounds 

13.115 

8.605 

65.6 

1.81690 

16.0 

29.070400 

Cotton .... 

Pound 

.170 

.084 

49.4 

1.69373 

11.1 

18.800403 

Wool 

Pound 

.457 

.318 

69.6 

1.84261 

1.9 

3.500959 

Sugar 

Pound 

.043 

.032 

74.4 

1.87157 

4.4 

8.234908 

Hides 

Pound 

.140 

.141 

100.7 

2.00303 

1.8 

3.605454 

Coal 

Net ton 

4.314 

4.441 

102.9 

2.01242 

21.1 

42.462062 

Petroleum . 

Barrel 

1.8841 

1.160 

61.6 

1.78958 

15.1 

27.022658 

Pig iron . . . 

Gross ton 

20.616 

25.890 

125.6 

2.09899 

1.7 

3.568283 

Tjumber 

1,000 feet 

45.109 

43.740 

97.0 

1.98677 

13.7 

27.218749 

Rubber. . . . 

Pound 

.487 

.148 

30.4 

1.48287 

3.6 

5.338332 

Total 






100.0 

186.122272 










Dividing 186.122272 by 100.0 wo obtain 1.86122272. 

Find aiitilogarithm of quotient (1.86122272), wliich is 72.7, the index number 
sought. 

Exhibit 100. — Calculation of weifshted geometric mean of relatives index number. 


Fisher’s “Ideal” Index Number. — This index number is really the 
geometric mean of two index numbers. The steps in its calculation are 
as follows: 

1. Compute a weighted aggregative index number for the period for which the 
“ideal” index is to be calculated, using as weights the quantities of the base year. 

2. Compute a weighted aggiegative index number for the period for which the 
“ideal” index is to be calculated, using as weights the quantities of the period for 
which the index is to be calculated. 

3. Find the geometric mean of the two index numbers found in Steps 1 and 2. 
This is the “ideal” index number. 

The “ideal” index number is a compromise of two systems of weights. 
It possesses the very desirable characteristic, when used in computing a 
price index, of making it possible to take into consideration changes in 
the demand for, or consumption of, commodities. However, it is often 
impractical for ordinary business problems, not only because of the time 
and effort required in its computation, but also because it is necesamy tp 
obtain new weights constantly. , In many cases it is particularly 
to obtain the data for new weights based upon recent periods. 
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Nature and Purpose of Weighting Index Numbers.— Whether an 
index number is obtained by ohe of the methods of averaging relatives, or 
whether it is the aggregate of actual items, it is usually advisable to apply 
weights to the individual elements. In almost any collection of numerical 
data covering a group of complex phenomena, it will be found that the 
items are of varying importance. If weights are not scientifically 
assigned to the items, the importance given to each item in the determinar 
tion of the index number will either be a matter of chance occurrence or 
will be determined by irrelevant factors. It is to be observed that it is 
not possible to construct any index number without weighting the compo- 
nent items in some manner; even where weights are not recognized, they 
exist. Therefore, an intelligent analysis of the weighting problem is 
desirable in constructing any index number, even though it may be found 
■in some instances that the inherent weights obtained in the so-called 
“Unweighted” index are satisfactory for the problem at hand. 

In considering the problem of weighting index numbers, one must 
not be confused by the mass of detail and lose sight of the main objective 
which is to apply Some device of method whereby each commodity shall 
exercise an influence Upon the final results proportionate to its relative 
importance. Obviously, the best data with which to determine the rela- 
tive importance of each commodity in a general wholesale price index, 
for instance, would be the quantities sold at wholesale but, as these 
data are not available for many commodities, production figures are 
commonly used as the best available substitute. If the problem is one 
of measuring the cost of living and it is necessary to weight retail prices, 
the corresponding sales transactions are ordinarily too far removed 
from production, both in time and place, and, consequently, production 
figures will not furnish satisfactory weights. The proportionate expendi- 
tures upon the different article as indicated by representative family 
budget data, however, will make appropriate weights for application to 
retail prices of consumers’ goods. 

Methods of Weighting Index Numbers. — There are three types of 
weights which may be used in index-number computations, but each type 
is applicable only under certain general methods of computation. These 
types or systems of weights are (1) physiesd quantities, (2) monetary 
values, and (3) arbitrary magnitudes. Th6 firet type, phyncal quantities, 
should be used only when the method of aggregates is the method of 
calculating the index number. The second, weights based on monetary 
vfilues, shofild be used only in weighting relatives. The third, arbitrary’ 
magnitudes, is an unscientific method and ordinarily should be used' only 
in the crudest forms of indea. numbers. Qowever, in using an arbitrary 
it is essential to recognise that the artntrary wdghts which might 
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be applied in calculating an index number by averaging relatives cannot 
be correctly ^plied in calculating an aggregative index number! 

Physical quantities are properly used as weights when applied to 
actual prices or other values. Thus, it is proper to weight each price by 
the quantity produced, or marketed, or consumed, etc., in obtaining an 
index by the method of aggregates. This requires no adjustment or 
change in the weights; the quantity produced, or marketed, etc., is 
applied directly to the price of the article. An illustration of the applica- 
tion of these weights is given in Exhibit 93. 

To obtain correct monetary value weights for index numbers which 
use weighted relatives, one must obtain the relative monetary value of 
each item, commodity, or article used in the index-number (lomputation. 
In other words, the weight to be applied to each computed relative is 
determined by ascertaining the monetary importance of each type of 
commodity or article. This process is described in detail in the following 
paragraph, and applications of the weights obtained are given in Exhibits 
99 and 100. 

Computation of Monetary Value Weights. — The steps in the computa- 
tion of weights according to this system are as JFollows: 

1. Multiply the price of each item by the amount of the item in the period selected 
as the base for the weights. 

2. Sum the results of Step 1. 

3. Express each item (money value) as a percentage of the total money value. ^ 

Exhibit 101 illustrates the method used in calculating the weights used 
ip the computation of the weighted arithmetic and the weighted geometric 
mean of relatives index numbers (see Exhibits 99 and 100). 

The percentage, which the money value of each element is of the total 
money value, is shown in the last column, and is the weight determined 
for each of the elements in the group shown. If one of the elements 
should be omitted or dropped from the calculation, or if another element 
were added, all the weights should be recalculated. Essentially, both 
quantity and value weights represent proportions of a total — the former 
standing for the proportion of the total number of units, the latter indicat- 
ing the proportion of the total worth or value which each of the elements 
composes of the total money value. 

The Base Period for Weights. — ^Just as index-number calculations are 
related to a base period, so also are weights usually selected as of some 
fixed period. In many instances weights are selected which represent 
conditions in the base period of the index number, as it is often found 
that when conditions appear best for the index base period, they also are 

1 The easiest way to do this is to multiply each item by the reciprocal of the total 
BiDd point off- two places (or multiply by 100). 
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best for the weights. If, however, either the physical quantities or 
monetary values in some other period appear to present more logical 
material for weighting, these data should be used. Thus, an index 
number based on the year 1925, for example, may have physical quantity 
or monetary value weights taken from data of the year 1923. 


Commodities 

Units of 
quotation 

1926 
prices 
(in .dollars) 

Weights* 
(in thou- 
sands) 

Total values 
at 1926 
prices 
(in thou- 
sands of 
dollars) 

Percentages 
of total 
value 

Wheat 

Bushel 

1.642 

628,711 

969,472 

9.6 

Hogs 

100 pounds 

13.115 

123,305 

1,617,146 

16.0 

Cotton 

Pound 

.170 

6,629,267 

1,126,975 

11.1 

Wool 

Pound 

.457 

426,910 

195,098 

1.9 

Sugar 

Pound 

.043 

10,360,669 

445,509 

4.4 

Hides 

Pound 

.140 

1,330,230 

186,232 

1.8 

Coal 

Net ton 

4.314 

496,244 

2,140,797 

21.1 

Petroleum 

Barrel 

1.884 

811,266 

1,528,423 

15.1 

Pig iron 

Gross ton 

20.616 

8,594 

177,174 

1.7 

Lumber 

1,000 feet 

46.109 

30,822 

1,390,360 

13.7 

Rubber 

Pound 

.487 

740,725 

360,733 

3.6 

Total 




10,137,908 

100.0 






* See footnote in Exhibit 02 for source of weights used. 


Exhibit 101. — Calculation of weights based on monetary values. 

Since the relative importance of one commodity in a group varies 
over a period in relation to the group as a whole, it follows that the 
weights should be revised from time to time. In making these revisions, 
the purpose of the index must be very definitely kept in mind. If it is 
to show price fluctuations only, care must be taken to see that an index 
change is not due to a change in weighting. For instance, if we were 
computing an annual index of wholesale prices, weighted on the basis of 
production data, and if we were setting up a new set of weights every 
year, we would not have an index of prices alone, but rather an index of 
total values of production. Consequently, if the aim is to show price 
changes alone as far as possible, revisions in weights must be made by 
periods much longer than those for which the prices are reported (such as 
once in a decade for the above index), and the weights may be adjusted 
between the dates for which they are taken so that the intervening change 
will be a gradual one corresponding to a straight line or a smoothed curve. 

In considering the problem of prices and price indexes, however, 
it should be appreciated that “since the importance of price fluctuations 
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depends largely upon the accompanying changes in the quantity of goods 
bought, there is use for index numbers that do not attempt to measure 
the price factor in isolation. By changing weights each year it is pos- 
sible to make these constantly occurring changes in quantities bought 
influence the price index, and therefore to secure results better fitted 
for certain uses than the results of an unambiguous measure of fluctua- 
tions in prices.”^ Again it should be emphasized that a precise under- 
standing of the purpose of an index is imperative before work is begun on 
its construction. 

If a new base is selected for the index number, it is often advisable to 
change the weights to the new base at the same time; similarly, if a new 
set of weights is introduced, it is often advisable to change the base period. 
When this practice can be followed, it is a valuable means of calling atten- 
tion to the fact that the m^w index is not strictly comparable to the old 
index number. 

The General Problem of Weighting — Common Errors and Difficulties. 

The problems of weighting arc often confusing, even to those who arc 
trained in the use of figures and who might be expected to have no diffi- 
cAilty in correctly solving them. The student should distinguish accu- 
rately (1) between a complete’’ arithmetic average and a weighted 
arithmetic average, and (2) between quantity weights and value weights. 
The importance of these distinctions may be emphasized by pointing out 
the fact that business men, even those who are adept at figures, often 
reach wrong conclusions because they do not understand clearly these 
factors in weighting. For instance, the N.R.A. Lumber Code provided 
that the minimum price of each product be based upon the weighted 
average of the cost per unit. In this connection, there was much con- 
fusion in the use of the term weighted average.” The drafters of the 
code probably intended to provide that a “complete” average be used. 
But in the administration of the code, an average, weighted on the basis 
of value, was used, which resulted in inaccurate figures. In this case 
complete data were available, and if an average weighted on the basis of 
quantity had been used, the result would have been the same as the 
“complete” average, and would not have been inaccurate, but the use of 
value weights exaggerated the effect of the price influence because of the 
fact that this influence was already included in the value figures. 

The above problem of weighting may be explained by referring to the 
table in Exhibit 102, which illustrates a price-index problem similar to the 
preceding code cost problem. In this problem the question is: What is 
the weighted average price of Product Z? Column A in the table shows 


^ Bulletin 284, “ Index Numbers of Wholesale Prices in the United States and Foreign 
Countries,” p. 66, United States Bureau of Labor Statistics, Washington, D. C., 1921. 
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Exhibit 102. — Calculation of the average price of Product Z, 
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the quantities produced by the different concerns in a particular industry, 
and column B shows the value of these products at the prices given in 
column C. If we divide the total of column B by the total of column A, 
the resulting figure (SI. 15) is the true or “ complete "average based on the 
total value of the “complete number" of units, and no weighting is neces- 
sary. If, however, our problem is to obtain a representative average of 
the unit price items in column C, and if the data in column A are not 
available, we would then have to weight the items in column C with the 
best available substitutes for the items in column Ay which might be the 
quantities produced during some previous period. • 

For purposes of illustration, two sets of weights are shown in the table 
in Exhibit 102 (see columns E and F). In order that the “complete" 
average, quantity-weighted average, and value-weighted average may be 
easy to compare, they are all based on the same period, namely, that to 
which the production and prices apply. Column E is a perc^entage 
distribution of the (luantities in column A , and column F is a percentage 
distribution of the valu(i figures in column B, The price items of column 
C, weighted by the quantity weights of column Ey are presented in column 
G. The total of this column (G) gives an average ($1.15) which is, of 
course, the same as the average obtained by dividing the total of the value 
of production (column B) by the total of the quantity produced (column 
A)y and it is actually the true or “complete" average rather than a 
weighted average, strictly speaking. However, the fact that these 
figures are the same shows that quantities rather than values should be 
used in computing a similar weighted average. Column H shows the 
effect of weighting the items in column C by the value weights of column 
F and it is seen that the average obtained ($1.63) is much higher than the 
correct figure ($1.15). 

The figure obtained by using value weights ($1.63) is incorrect because 
of the double influence of prices. The price influence appears both in the 
prices themselves and in the value of production. Suppose that we carry 
our illustration still further and assume that, instead of our question 
being: What is the average price per cubic foot? it is: What is the average 
number of cubic feet produced per dollar? Our problem is now one of 
cubic feet per dollar instead of dollars per cubic foot. In such an instance, 
if the quantity-per-dollar data in column D were weighted on the basis of 
the percentage distribution of the quantity units in column Ey as shown in 
column ly the influence of the number of units would appear twice and 
the total (1.349) would not be the correct answer. However, if we weight 
the quantity items in column D by the value weights in column F, we will 
arrive at the correct answer (.869) which is the same as the figure obtained 
by dividing the total of column A by the total- of column B, 

In connection with the data of Exhibit 102, it should be emphasized 
that the complete data were used to illustrate methods of weighting for the 
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specific purpose of facilitating ease of comparison, and it should be 
clearly understood that, under the usual circumstances, weights are used 
only when complete data are not available. When complete data are 
used the complete ” average should be computed as illustrated in Exhibit 
102 by dividing the total of column B by the total of column A to obtain 
the average price per cubic foot (or by dividing the total of column A by 
the total of column B to obtain average cubic feet produced per dollar). 

In using the table in Exhibit 102- for purposes of illustration, the 
quantity weights were shown in column E in terms of percentages to aid 
in making comparisons. This method of stating the weights facilitates 
computation for the reason that the process of dividing the total by the 
sum of the weights” involves simply dividing by 1 (100 per cent mathe- 
matically stated). It should be noted, however, that this procedure can 
be followed only when the quantities are stated in terms of a common unit 
(cubic feet in this instance). When the prices to be averaged are stated 
in terms of unlike units, they should be weighted directly by quantity 
data expressed in corresponding units as illustrated by the weighted 
a-ggregative index number calculation in Exhibit 93. If, however, rela- 
tive prices are being used, as in the weighted arithmetic mean of relatives 
index number in p]xhibit 99, ^Hhe weights should be reduced to a common 
denominator. As multipliers, of course, weights may be regarded as 
merely abstract numbers; but in studying the weights themselves, it is 
necessary to have some common standard by which the relative impor- 
tance assigned to various commodities can be accurately compared. The 
only common denominator for all commodities that is significant for 
economic ends and capable of quantitative expression is money value. 
But it is ill advised to weight by money values when actual prices are 
being used, for the common denominator is already present in the quota- 
tions themselves. These price quotations arc best multiplied by the 
physical quantities of the goods produced, exchanged, or consumed, as the 
case may be.”^ 

Misapplication of Index Numbers. — No index number may be used 
for every purpose. In fact, every index number has one best use and 
this use is the particular use for which it was originally and, it is assumed, 
properly designed. Ordinarily, any use of the index number other than 
that for which it was especially designed is almost certain to introduce 
error into the interpretations based upon it. 

The art of applying an index number, even for the specific purpose 
for which it was calculated, is acquired only after careful study and 


^Bulletin 284, Index Numbers of Wholesale Prices in the tJhited States andr" 
Foreign Countries,” p.* 65, United States Bureati of Labor Statistics, Washington,' 
D. 0., 1921. 
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considerable experience. The beginner would do well always to check 
his new calculations or his applications of old index numbers with some- 
one well trained in statistical interpretation. An index of production 
never would be confused with and used as a substitute for an index of 
demand; yet how frequently one finds a wholesale price index used where 
only a retail price index should be used. 

In almost every practical problem, the decision must be made between 
the construction of an index number for the purpose at hand and the use 
of one already constructed, which might prove more or less unreliable. • 

Published Index Numbers. — few' of the more important published 
index numbers which are of value to the business man will he introduced 
at this point. 

One of the best known gcmeral-purposc index numbers of wholesale 
prices in the United States is that of the United States Bureau of Labor 
Statistics. Beginning with January 1938, the index has included 813 
commodities or price quotations weighted according to the importance of 
each commodity.^ It is expressed as a percentage of 1926. The index’ 
numbers are published monthly in a pamphlet on wholesale prices and in 
the Monthly Labor Review, They are also published in a press release. 
Figures are available; by years since 1801 and by months since 1890. The 
monthly movements of this index over the period from 1926 to 1937, 
inclusive, are shown in Exhibit 103. 

Fisher^s weekly index number of wdiolesale prices is published as 
relative prices. The relatives are derived from w'eightod aggregates of 
actual prices. 


^ The weighting factors used in computing the present series of index numbers 
back to 1913 are as follows: For the year 1913 the mean of 1909 and 1914 data, taken 
from Reports of the Census Bureau and the Department of Agriculture; for 1914 to 
1919, inclusive, the mean of 1914 and 1919 data; for 1919 to 1921, inclusive, the mean 
of 1919 and 1921 data; for 1921 to 1923, inclusive, the mean of 1921 and 1923 data; 
for 1923 to 1927, inclusive, the mean of 1923 and 1925 data; for the p(;riod since 
January 1930, the mean of 1925 and 1927 data. Since 1934 no changes in weights 
have been made, because the weights which would normally have been introduced in 
1936 were those relating to the depression years and they appeared to be unrepresen- 
tative. At the present time the quantities used as “quantity weights” are averages 
for 1929 and 1931, except for farm products, for which the quantities used are aver- 
ages for 1929, 1930 and 1931. In the case of farm products, data for all j’^ears of the 
period are averaged to form the weights. In certain cases where census or other reli- 
able data were lacking, estimates based on the best information available have been 
used. An explanation of the methods used in computing this index is given on 
pp. 2-5 of United States Bureau of Labor Statistics Bulletin 493. See also Jesse M. 
Cutts and Samuel J. Dennis, “Revised Method of Calculation of the Wholesale Price 
Index of the United States Bureau of Labor Statistics,” Journal of the American 
Statistical Associationi December 1937. 
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Dun and Bradstreet, Inc., compile a weekly index of wholesale food 
prices, which represents the sum total of the wholesale prices per pound of 
31 commodities in general use. This organization also compiles a daily 
weighted price index based on 30 basic commodities. 

An index of retail food prices is compiled by the United States Bureau 
of Labor Statistics. This index covers 84 food items, and is currently 
computed by applying the per cent change of a weighted list of prices of 



Exhibit 103. — United States Bureau of Labor Statistics general index of wholesale prices, 
with breakdown by types of commodities. 


identical foods, between two successive periods, to the index for the 
earlier of the two periods to obtain the current index for each of the 61 
cities covered. 

Fairchild^s textile and house furnishings index compiled by Fairchild 
Puhlications represents prices collected as of the first of each month on 
105 items from 36 retail trade organizations, including independent and 
chain department stores, mail-order organizations, and specialty stores, 
located in 23 principal cities broadly distributed over the country. 
It is heavily weighted with textiles. 
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A world price index is compiled by the United States Bureau of 
Foreign and Domestic Commerce from prices of important commodities 
quoted in representative world markets. 

The Engineering News-Record index of construction costs is designed 
to indicate the cost situation in the construction industry. It is of the 
aggregate type, weighted according to the relative importance of the four 
components: steel, cement, lumber, and labor. 

The National Industrial Conference Board compiles a cost of living 
index designed to show the trend of living costs of wage earners' families. 
The index is based on a comprehensive list of retail prices and rents. It is 
an arithmetic average of weighted relatives using the 1923 average as a 
base. 

The Federal Reserve Board index of industrial production is a general 
indicator of changes in the volume of the country's industrial output. 
The index is made up of two components: manufactures and minerals, 
covering industries which represent directly and indirectly about 80 per 
cent of total industrial production. In constructing the index, the 
monthly physical volume figures arc rediicc^d to daily averages, adjusted 
for seasonal variation where necessary, using adjustment factors derived 
by the ratio-to-moving-av(^rage method,* and weighted a(5Cording to value 
added by manufacture for the index of manufactures, and by average 
value of product for the minerals index. The aggregate of the weighted, 
seasonally adjusted, daily averages for a given month is related to the 
identical aggregate for the base years 1923-1925. 

The Printers^ Ink magazine advertising index covers approximately 
80 per cent of the total linage in all magazines. After making various 
adjustments to obtain homogeneity, the data are corrected for seasonal 
variation by using the ratio-to-moving-average method, and reduced 
to relatives on a 1928-1932 base. The resulting relatives are weighted 
according to the estimated amount spent in the base period and averaged 
geometrically. 

The Federal Reserve Board index of department store sales is based on 
the monthly dollar sales of about 425 department stores located mostly 
in the larger cities in various parts of the country. The index is based on 
daily average dollar sales of an identi(^al group of stores, related to the 
1923-1925 daily average, and adjusted for seasonal variation by Ihe 
ratio*to-moving-average method. Allowances are made for changes from 
month to month in the number of Saturdays and Sundays and for the 
six holidays most commonly observed. An allowance is also made for the 
changing date of Easter. 

'See pp. 320-322 for a discussion of a ratio-to-moving-average method of adjust- 
ing for seasonal variation. 
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Indexes of employment and wages are compiled by the United States 
Bureau of Labor Statistics by industries and by industrial areas. 

The Standard Statistics Company, Inc., compiles an index of industrial 
corporation profits. 

Moody’s Investor’s Service compiles an index of dividend payments 
based on six hundred stocks. 

Dow, Jones and Company compiles an index of bond prices from the 
yields of the average prices of the bonds for each day of the month, the 
average yields for the ten bonds in each class being capitalized at 4 per 
cent to give the combined index. 

The Standard Statistics Company, Inc., compiles an index of bond 
prices and an index of bond yields. The corporate bond price index is 
based on the quotations of 45 high-grade corporate bonds converted to 
the equivalent price for a 4| per cent bond having 30 years to date of 
maturity. The index of bond yields is an arithmetic average of the yield 
to maturity of the.same 45 bonds that are included in the index of bond 
prices. 

Indexes of stock prices are compiled by Dow, Jones and Company for 
30 industrials, 20 public utilities, and 20 railroads; by The New York 
Times for 25 industrials, 25 railroads, and total; and by the Standard 
Statistics Company, Inc., for 347 industrials, 40 public utilities, 32 rail- 
roads, and total. 


Questions and Problems 

1. What is an index number? 

2. What kinds of situations make necessary the use of index numbers? 

3. How are index numbers used in present-day business? 

4. What is the difference between a general-purpose index number and a specific- 
purpose index number? 

6. What are the dangers if an index number is not propcrtly constructed? 

6. What are the usual -steps in the selection and construction of an index number? 

7. List the more important methods of constnicting index numbers. 

8 . What are the steps in calculating an “unweighted aggregative index number”? 
What are the advantages and disadvantages of this index number? 

9. List the steps in the calculation of a “weighted aggregative index number.” 
What are the shortcomings of this index number? 

,10. What are percentage relatives and for what are they used? When plotted 
on an arithmetic scale, does a curve showing percentage relatives differ from a curve 
of the original data? When plotted on a semi-logarithmic chart, do the two curves 
differ? Why? 

11. What are the steps in calculating an “unweighted arithmetic mean of relatives 
index number”? Discuss the advantages and disadvantages of this index number. 

12. Explain the steps in calculating an “unweighted median of relatives index 
number.” What are its strong and weak points? 

18. What are the steps in the calculation of an “unweighted geometric mean of 
relatives index number”? Discuss its desirable and undesirable characteristics. 
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14. List the steps in computing a '^weighted arithmetic mean of relatives index 
number.” How does this index number compare with the unweighted arithmetic 
mean of relatives index? 

16. Give the steps in calculating a weighted geometric mean of relatives index 
number.” What are its strong and weak points? 

16. What are the steps in computing “Fisher’s ‘ideal’ index number”? What are 
its advantages and di^d vantages? 

17. Explain the nature and purpose of weighting index numbers. 

18. Discuss the methods of weighting index numbers. Can the same weight be 
applied to relatives that is used in weighting the items entering into an aggregative 
index? Explain. 

19. Describe the computation of monetary-value weights. 

20. How is the base period for weights usually sekicted? 

21. When is it proper to use quantity weights and when value weights in construct- 
ing index numbers of prices? Can actual prices be weighted by value weights? 
Explain. 

22. Discuss the misapplication of index numbers. 

23. Name and describe briefly some of the more important published index num- 
bers which are valuable to the business man. 

24. (Percentage relatives.) Reduce the data in Problem 24, page 128, (both 
stores) to percentage relatives of January 1936 (January 1936 = 100.) Use a slide 
rule in making your computations.' 

Present graphically on both arithmetic and logarithmic scales and analyze. 

26. From the following table reduce the data on the volume of lumber production 
to percentage relatives: 

o. Use January 1935 == 100. 

6. Use June 1937 = 100. 


Production of Lumber in the United States, 1935-1938 
(In millions of board feet) 


Month 

1935 

1936 

1937 

1938 

January 

1,189- 

1,614 

1,571 

1,249 

February 

1,238 




March 

1,355 

1,718 



April 

1,499 




May 

1,495 

2,052 



June 

1,478 

2,052 



July 

1,798 

2,218 

2,352 

1,606 

August 


2,171 

2,342 


September 

1,937 

2,151 

2,297 


October 

2,156 

2,352 

1,969 


November 

1,779 

1,816 

1,671 


December 


1,827 

1,452 



Source: Survey of Current Bueineea. 


'A very convenient slide-rule setting for computing percentage relatives is as 
follows (see Appendix II, p. 655) : 


C scale 

Base number (24) 

Other number (36) 

D scale 

100 

Percentage relative (150) 
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^ 26 . The wholesale prices of the commodities used in Exhibits 92, 93, 95, 96, 97, 
98, 99, 100, and 101 for the last five months of 1936 were as follows: 


Commodity 

Unit of 
quotation 

August 

Septem- 

ber 

October 

Novem- 

ber 


Wheat 

Bushel 

1.142 

1.157 

1.186 



Hogs 

Cwt. 

11.345 

10.544 


9.435 


Cotton 

Pound 

.121 

.122 

.120 

.119 

.124 

Wool 

Pound 

.389 

.385 

.391 

.428 

.484 

Sugar 

Pound 

.037 

.036 



.038 

Hides 

Pound 

.131 

.147 

.149 

.153 

.156 

Coal 

Net ton 

4.217 

4.229 

4.224 

4.228 

4.233 

Petroleum 

Barrel 

1.040 

1.040 

BVShiI 

BhihII 

1.040 

Pig iron 

Gross ton 

21.390 

21.390 

21.390 

21.640 

22.390 

Lumber 

M feet 

36.613 

37.290 

38.308 

38.590 

39.282 

Rubber 

Pound 

.163 

.165 

.166 

.179 

.202 



Source: Wholesale Prices published by the United States Bureau of Labor Statistics. See details 
in footnote to Exhibit 02, p. 189. 


Using the base, weights, etc. given in the exhibits listed above, compute index 
nuinbers for each of the last five months of 1936 by the following methods: 
i a. Unweighted aggregative (see Exhibit 92). 

b. Weighted aggregative (see Exhibit 93). 
vy c. Unweighted arithmetic mean of relatives (see Exhibit 96). 

V d. Unweighted median of relatives (see Exhibit 97). 

e. Unweighted geometric mean of relatives (sec Exhibit 98). 

'' f. Weighted arithmetic mean of relatives (see Exhibit 99). 
g. Weighted geometric mean of relatives (see Exhibit 100). 

Summarize the seven sets of index numbers in a single table and discuss the strong 
and weak points of each ^ 

27 . Compile price data for the commodities listed in Problem 26 for five months 
from the latest available issues of Wholesale Prices published by the United States 
Bureau of Labor Statistics, and compute seven indexes according to the instructions 
in Problem 26. 

28 . It is the purpose of this problem to illustrate the more important methods of 
computing index numbers by means of a simple set of figures. Using 1913 as a base, 
construct index numbers of the following commodity prices: 


Commodity 

Average price, 
1913 

Average price, 
March 1938 

Wh^at, bushel 

80.990 

$0,920 

Coal, bituminous, per ton 

3.000 

9.564 

Cotton, per pound 

.128 

.089 

Wool, per pound 

.570 

.680 

Leather, sole, per pound 

.449 

.305 



^ To save time in computation it may be desirable to assign the different months to 
different sections of the class, and then gather the data together for the final analysis. 
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(A great many more commodities would have to be included, of course, in the com- 
putation of a representative price index. The present problem is designed merely to 
illustrate the method employed.) 

a. Construct index numbers for the year 1913 and for the month of March, 1938f 
in the form of unweighted aggregates of actual prices. Express these as relatives, with 
1913 as the base. 

h. Construct index numbers for the same periods in the form of weighted aggregates 
of actual jn-ices. Prices are to be weighted by quantities marketed in 1919, which 
follow: 


Commodity Quantity morketed in 1919 

Wheat 807,816,000 bushels 

Coal, bituminous 400 , 200 , 000 tons 

Cotton 5 , 710 , 382 , 000 pounds 

Wool 367,382,000 pounds 

Leather, sole 296 , 326 , 000 pounds 


(The figures for quantities marketed relate to all grades of the given commodities, not 
merely to the grades for which prices are given above. Prices of the grades named are 
to be taken to represent all grades of the various commodities, and are to be weighted 
by the total quantities marketed.) 

Express these weighted aggregates as relatives, with 1913 as the base. 

c. Constru(;t index numbers for thti same periods in the form of aggregates of prices 
per pound. (The quotation for coal, as given above, is by long tons. Assume 60 
pounds of wheat to the bushel in reducing prices to the per pound basis.) Express 
these as relatives, with 1913 as the base. 

d. Construct index numbers for the same periods in the form of medians of relative 
prices. 

e. Construct index numbers for the same periods in the form of simple arithmetic 
averages of relative prices, with 1913 as the base. 

/. Construct index numliers for the same periods in the form of weighted arithmetic 
averages of relative prices, weights to be based upon the total values of the various 
commodities marketed in 1919. The following table, showing the percentage dis- 
tribution of these values, gives the weights to be employed: 


Wheat 35 

Coal, bituminous 26 

Cotton 29 

Wool 7 

Leather, sole 3 

Total 100 


The report should include tables showing the method employed in computing each 
index number. 

Summarize in a single table the six sets of relatives secured. ^ 

29 . The wholesale prices of certain representative food commodities and their 
respective weights were as follows: 


‘Problem by courtesy of F. C. Mills. 
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Commodity 

Average prices 

Unit 

Commodity 

weights,* 

(in millions) 


March 

1938 

Wheat, No. 1, northern spring, Minneapolis. . 

Cotton, upland, middling. United York 

Sugar, granulated 

Hogs, heavy 

$0,874 

.128 

.043 

8.365 

.226 

$1,190 

.089 

.046 

9.130 

.210 

Bushel 

Pound 

Pound 

Cwt. 

Dozen 

683 

5,410 

13,683 

76 

927 

Eggs, firsts, fresh 



* These weights are those used by the United States Bureau of Labor Statistics in computing index 
numbers of wholesale prices in the United States for 1913 and 1914 by groups of commodities. See 
Bureau of Labor Statistics Bulletin 181, “ Wholesale Prices 1890 to 1914.** 


Using the year 1913 as a base, compute an index number of wholesale prices for 
March 1938, by each of the following methods: 
a. Unweighted aggregate. 

• b. Weighted aggregate. 

c. Unweighted arithmetic mean of relatives. 

d. Unweighted median of relatives. 

^-Umverghtcdr’geometrio mean-of rehtttves. 

/. Weighted arithmetic mean of relatives. 
l^>Weight^&eoB\<^jt^ jm^ap^f jpslat^^ 

80 . The volume of production in six major industries for the months of January 
1933 and January 1938 was as follows (data hypothetical) : 


Industry 

Unit of 
quotation 

Production 
January 1933 
(in thousands) 

Production 
January 1938 
(in thousands) 

Automobile 

Unit 

121 

368 

Cotton 

Bale 

442 

664 

Electric power 

Kilowatt-hour 

6.842.000 

1.321.000 
64,342 

1,024 

10,078,000 

1,742,000 

96,421 

4,642 

Lumber 1 

Board foot 

Petroleum 

Barrel 

Steel 

Long ton 




Compute an index of industrial production for January 1938, using January 1933 
as a base period: 

a. By the method of unweighted arithmetic mean of relatives. 

b. By the method of unweighted geometric mean of relatives. 














CHAPTER X 


DISPERSION AND SKEWNESS 

Although it is very useful to have, for instance, an average of the 
earnings of workers in a factory, this one value may not be sufficient to 
indicate the real wage conditions. An average does not indicate the 
spread or range over which the data are scattered; it gives only a single 
amount, which is considered to be representative of the whole data. The 
same average wage might be found in the pay rolls of two factories, and 
yet all the wages in one plant might approximate the computed average, 
while in the other plant the wages might bedistributedbetween two widely 
separated extremes. For example, the average of 10 items of $30 each 
is $30 (whatever method is used in obtaining an average). Yet 10 other 
items distributed between $1 and $100 might be found to average $30 
by one or more of the methods of computing averages. That is, in both 
factories there might be the same arithmetic average, or the same median, 
or the same mode, or the same geometric average. Although this is an 
extreme illustration, it will be recognized that the same limitations in 
using averages exist where distributions are more nearly alike. 

Measures of Dispersion. — In order to determine whether the average 
is really representative or to what extent the data vary from the averages, 
and in order to measure the spread of the data irrespective of the relation 
of the items to the computed averages, it is necessary to compute measures 
of dispersion. There are four common measures of dispersion: the range^ 
the quariile deviation, the average deviation, and the standard deviation. 

These measures can be stated in two ways. One method of statement 
shows the absolute amount of deviation, while the other presents the 
relative amount of deviation. We shall first consider the methods of 
determining the absolute amount of deviation. 

The Range. — If one desires to know only the extent of the extreme 
variations, the range may be used as a measure of the dispersion. If 
either of the extreme items is exceptional (that is, if they are far distant 
from the other items), the range indicates nothing concerning the usual 
or normal spread of the items. Therefore, the range is usually most 
useful when it is known that the extreme items are not exceptional in 
nature, and it is often satisfactory to state a range excluding specified 
extreme items. 

215 . 

' ■ ri > 
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Stock prices and interest rates are often stated in terms of their ranges 
over a period of time (Exhibits 104 arid 105). If the movements have not 


NEW YORK TIMES AVERAGE PRICES 
TWENTY- FIVE INDUSTRIAL STOCKS 
YEARLY HIGH AND LOW, 1920-1937 



Exhibit 104. — The “range** of stock prices for each year from 1920 to 1937, 


ANNUAL RANGE OF CALL MONEY RATES 
NEW YORK STOCK EXCHANGE 1920-1937 

PER CENT 



I SOURCE STANDARD STATISTICS CO. | 

Exhibit 105. — The range’* of call-money rates for each year from 1920 to 1937. 

been unusual, a quoted range may measure the ordinary dispersion, but 
if unusual movements of a temporary nature have occurred, the range 
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shows the effect of the temporary and unusual conditions (see the year 
1929 in Exhibit 104 and the years 1920, 1929, 1934, and 1937 in Exhibit 
105). Thus, the amount of dispersion shown by the stock-price range 
indicates market conditions, and comparisons of ranges in two different 
series have different meanings under different circumstances. Such a 
comparison at one time may show the effect of an unusual market condi- 
tion on different stocks; whereas in a normal market, it would indicate 
differences in stock fluctuations under ordinary trading conditions. 

Quartile Deviation. — The quartile deviation measures the spread of 
the central items only. It is not affected by the size of the extreme 
items, as is the range. 

To obtain the quartile deviation, the value of the first quartile is 
subtracted from the value of the third quartile and this difference is 
divided by two. The formula for this procedure is (Qs — Qi) -r- 2. 
The quartile deviation is often called the semi-interquartile range, for it 
is one-half the difference between the values^ of the third and the first 
quartile. 

To illustrate the process of determining the quartile deviation, we 
may again refer to Exhibit 64, page 136, in which the third quartile was 
found to be 9 (the value of the 1729th item) and the first quartile was 
found to be 7*| (the value of the 576th item). The quartile deviation is 
(9 -■ 7\) - 5 - 2, or f of 1 size. This shows that one-half of the items are^ 
included in the interquartile range, and we now know that one-half of 
the men's shoes sold by The Paris Store did not vary from the quartiles 
in size by more than three-fourths of a size. (Due to the discrete char- 
acter of the data, this variation cannot be more than a half-size, for the 
sizes 8 and 8^ are the only sizes between the quartiles.) In other words, 
there was a small amount of variation in the sizes of the central half of 
the items in the distribution. 

Average Deviation. — The two measures of deviation just described 
are rough measures of the spread or scatter of items. One depends upon 
the extreme items only; the other upon the central items only. In many 
analyses of business data, however, it is necessary to have an exact 
measurement of the average or usual deviation of all items from a central 
point. This is obtained either by the average deviation (also called the 
mean deviation) or by the standard deviation. 

1 Confusion sometimes arises as to the meaning of and Qi. It should be noted 
that these terms do not mean the rank of these quartiles, but they refer to the value 
of the quartiles. Obviously, one-half the difference in rank is the number of items 
which these quartiles are distant from the median item, but one-half the difference 
in value will not be the amount of difference between the median value and the 
quartile values, unless the median value happens to be equidistant from the values 
of Qi and Qi, 
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The average deviation is merely, avi^rage of the devia- 

^9mSxm.mJ^3VMge of the data. That is, first an average of the data is 
obtained (ordinarily the median, the mode, or the arithmetic average), 
then the deviation of each value in the entire data from the average is 
computed, and finally the arithmetic average of these deviations (dis- 
regarding plus and minus signs) is computed. Although deviations from 
any of the averages mentioned above may be used, it is theoretically best 
to use the median, because the arithmetic sum of the deviations from 
this average is less than from any other point. Unless another average is 
specified average deviation will be measured from the median in this 
book. 



Smith 

Jones 

Production 
(in pounds) 

Deviations 
from median 
(sign omit- 
ted) 

Production 
(in pounds) 

Deviations 
from median 
(sign omit- 
ted) 

Monday. 

550 

100 


20 

Tuesday 

775 

125 


50 

Wednesday 

720 

70 


0 

Thursday 

650 

0 


10 

Friday 

630 

20 


10 

Total deviation 

... 



90 


Average deviation of Smith’s production * 316 5 = 63. 

Average deviation of Jones’ production = 90 -f- 5 » 18. 

Exhibit 106. — Computation of average deviation. 


Computation of Average Deviation. — ^When the exact size of each item 
in the data is known, the computation of average deviation merely 
involves the subtraction of the median from eacA size (to obtain the devia- 
tion of each size from the median size), the summation of the resulting 
deviations (disregarding signs), and a division of this total by the number 
of items. 

For example, if a foreman in a factory wishes to determine which of 
two employees is the more “steady” worker, he could find this from the 
average deviation of their output. If employee Smith produced 560 
pounds on Monday, 775 on Tuesday, 720 on Wednesday, 660 on Thurs- 
day, and 630 on Friday, his median output of the five days would be 650. 
likewise, if employee Jones produced 670 pounds on Monday, 600 on 
Tue^ay, 650 on Wednesday, 660 on Thursday, and 640 on Friday, his 
me^an output would be 660. The average deviations of output of Smith 
and Jones, measured from the median production of each, are determined 
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in Exhibit 106. Obviously, Jones is much the steadier of the two, 
because his- output fluctuated on the average only 18 pounds whereas the 
output of Smith fluctuated on the average 63 pounds. ■■ 

In formula form, the method of computation is: 

Average deviation (A.D.) = — 

the Greek letter S (sigma) meaning ‘'sum of/’ d being used for “devia- 
tion,” and n for “number of items.” Thus, in Exhibit 106, Sd in Smith’s 
production is 315 and 2d in Jones’ production is 90. In both cases the 
value of n is 5. 

The procedure illustrated (Exhibit 106) is all that is required where 
the data have not been arranged in a distribution, or where they are 
arranged in an array. Where the data arc arranged in a frequency 
distribution, the procedure is essentially the same.^ However, in the 
field of business statistics, the average deviation (or standard deviation) 
is seldom computed from a frequency distribution. Practically always, 
in business problems, the computation of average or standard deviation is 
made from data that have not been arranged in a frequency distribution. 

Standard Deviation. — The standard deviation, like the average 
deviation, is also a measurement of the variation or spread of all the 
values throughout the entire distribution or scries. It is obtained by 
squaring the deviations from the arithmetic average of the data, then 
finding the arithmetic average or mean of the squared deviations, and 
extracting the square root of this mean. It is frequently called the 
root-mean-square deviation, since it is the square root of the mean of the 
squared deviations. 

In measuring the variation or spread throughout a distribution, the 
average from which deviations are measured in computing standard 
deviation is the arithmetic average, because the standard deviation is 
smallest when computed from this average. ^ 


^ It is only necessary to determine the amount by which the value of each class 
in the frequency distribution deviates from the median (or mode, or arithmetic 
average), and then multiply the class deviation by the number of items in the class. 
When the resulting products are added, the sum of the deviations is obtained. This 
sum divided by the number of items gives the average deviation. 

* In time-series analyses (see Chaps. XIII-XVI), standard deviations (and also 
average deviations) are computed from a “normal” which changes over the period 
under consideration. That is, the standard deviation in such instances is the square 
root of the mean of the squared deviations from this normal. Since the standard 
deviation about a line of average relationship is a measure of the accuracy of estimates, 
it may be termed the “standard error of estimate.” In studies where it is necessary 
to distinguish between these computations as made from the arithmetic average and 
from a trend line, the term “standard deviation” is understood to refer to the root- 
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Computation of Standard Deviation. — If the variation in output of 
Smith and Jones in the preceding illustration of the two factory employees 
were measured by the method of the standard deviation, instead of 
the average deviation, the deviations would be measured from the arith- 
metic average, and the procedure would be as shown in Exhibit 107. In 
this computation, the deviations from the arithmetic average are each 
squared, the squared deviations are added (giving 29,800 and 2,920, 
respectively), and each total is divided by 5 to obtain the arithmetic 



Smith 

Jones 

Production 
(in pounds) 

Deviations 
from mean 

Devia- 

tions 

squared 

Production 
(in pounds) 

Deviations 
from mean 

Devia- 

tions 

squared 

Monday 

550 

-115 

13,225 

670 

+26 

676 

Tuesday 

776 

+110 



-44 

1,936 

Wednesday 

720 

+ 56 


650 

+ 6 

36 

Thursday 

660 

- 15 

225 

660 

+16 

256 

Friday 

630 

- 35 

1,225 

640 

- 4 

16 

Total. 



29,800 

... 

— 

2,920 


Arithmetic average of Smithes jproduction = 665. 

Arithmetic average of Jones’s production — 644. 

Standard deviation in Smith’s output is the square root of (29,800 5), or 


a/^60 « 77.20. 

Standard deviation in Jones’s output is the square root of (2,920 4- 5), or 

\/584 = 24.17. 

ExHnsiT 107. — Computation of standard deviation. 


averages of the squared deviations. The square root of each respective 
mean is the standard deviation of output of each employee. 

In formula form the method of computing standard deviation may be 
stated as 

Standard Deviation (S.D. or a) = 

In this formula, XdP is the sum of the squared deviations from the 
arithmetic average and n is the number of items in the entire group of 

mean-square deviation about the arithmetic mean, while the root-mean-square deviar 
tion from the normal trend line is referred to as the ^'standard error of estimate.” 
(For further information see Frederick C. . Mills, Statistical Methods,” pp. 330-334, 
Henry Holt & Company, Inc., New York, 1938.) 
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data. Thus, in the example of Exhibit 107, for Smith is 29,800, and 
for Jones, is 2,920. In both cases n has a value of 5. 

By comparing the A.D. with the S.D. in the preceding Smith and 
Jones production problem, it will be noted that the standard deviations 
are larger than the average deviations. This is a characteristic relation, 
for squaring the deviations gives more weight to the large deviations than 
is the case where the deviations are added without squaring, as in comput- 
ing average deviation. 

CoeflBicients of Variation. — For purposes of comparison, the absolute 
amount of a measurement is not always so valuable as an expression of 
the relative amount. Thus, we might find the average deviation in the 
annual incomes of residents in one part of a city to be $500,* whereas in 
another district of the city the average deviation is $50. This would not 
prove that there was relatively greater variation in the incomes in the 
first district than in the second, for if the average income were $10,000 in 
the first district and $1,000 in the second district, the relative degree of 
variation would be the same. In other words, a variation of $500 where 
the usual income is $10,000 would be the same percentage of variation as 
a variation of $50 where the usual income is $1,000. 

Percentages of variation are known as coefficients of dispersion or 
coefficients of variation. They state the degree of variation. There are 
three common coefficients of variation, and they are obtained by express- 
ing the amount of variation as the percentage which it is of a central 
value. 

The coefficient most commonly used is obtained by expressing the 
standard deviation as a percentage of the average from which it was measured: 
namely, the arithmetic average. Thus, in the above example the coeffi- 
cient of dispersion in Smith's production is found by this method to be 
77.20 -f- 665, or 11.6 per cent. For Jones, the coefficient is 24.17 644, 

or 3.8 per cent. 

In the second method of measuring relative variation, the average 
deviation is expressed as a percentage of the median, or, whatever average has 
been used in measuring the deviations. In the example of the production 
of Smith, the coefficient is obtained by dividing the average deviation (63) 
by the median (650). This gives a coefficient of 9.7 per cent. For Jones 
the coefficient is 18 650, or 2.8 per cent. 

In the third method, the quartile deviation is stated as a percentage 
of one-half the sum of the first and third quartiles. This is stated below 
in the usual symbols for the quartiles: 


Coefficient of variation = 


(Oa - Qi) -s- 2 X 100 
(Qa + Qi) - 2 
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(Qs ~ Qi) ^ (Qb + Qi) X 100 

The coefficient of variation in sizes of men’s shoes sold by The Paris 
Store (Exhibit 64, page 136) based on the quartiles as previously deter- 
mined is, therefore, (9 — 7J) (9 + ^h) X 100, or 9.09 (per cent). 

Value of Average and Standard Deviation Measurements. — Espe- 
cially in the study of business time-series data, the use of either average 
or standard deviation is indispensable as a tool. In later chapters we 
shall study business data in the form of time series, and in the course of 
this study the importance of measuring deviations in the series considered 
will be evident. At the present point, however, it is desired to call 
attention to two particular uses of average and standard deviations, 
which will be illustrated further in the pages that follow. These u ses 
are: (1) in comparing time series having widely different amplitudes of 
fluctuation; and (2) in combining several series of business data into one 
composite series called a “business index.” In order to use measures of 
dispersion for these purposes, however, it is first necessary to reduce the 
deviations to units of their standard or average deviation. 

Units of Standard or Average Deviation. — Referring again to the 
variations in production of Smith and Jones (Exhibit 107), it will be 
seen that on Monday Smith’s production was 115 pounds below his 
arithmetic average for the week, and on Tuesday his production was 110 
pounds above the average. Are these large fluctuations for Smith ? And 
when Jones is 26 pounds over the mean of his week on Monday, and 44 
pounds under on Tuesday, are these large variations for him? 

These questions can be answered by reducing the variations to units 
of their respective standard deviations (or average deviations, if desired). 
If 77.20 pounds is the standard deviation for Smith, then a deviation of 
115 pounds is (115 77.20) standard deviations, or 1.49 standard devia- 

tions. Similarly, 110 pounds is a variation of 1.42 standard deviations. 
For Jones, a deviation of 26 pounds is, in terms of standard deviation 
units, a deviation of 26 -f- 24.17, or 1.07 standard deviations, since his 
standard deviation is 24.17. Likewise, 44 pounds is a deviation of 1.82 
standard deviations. Thus we see that on Tuesday Smith’s variation of 
110 pounds was not as great for him as Jones’ variation of 44 pounds was 
for him. 

Units of average deviation are obtained in the same manner, namely, 
by dividing the average deviation into the individual deviations, these 
individual deviations usually being from the median. 

The reduction of series to terms of their respective standard (or 
average) deviations places data having widely different amplitudes of 
fluctuation on a comparable basis. One series, say bank clearings, may 
have deviations from the average amounting to millions of dollars. 
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whereas another series, such as interest-rate percentages, may have 
deviations from the average that never exceed five or six. When the 
deviations of such series are reduced to units of their own respective 
standard deviations, the fluctuations in value become readily comparable, 
because they are stated in terms of a '' normal'' for each series. For 
example, a deviation of $10,000,000 in bank clearings may be found to 
represent the same number of normal" or standard deviations as a 
deviation of 1 per cent in interest rates. 

In studying business cycles, time series are often expressed as per- 
centage deviations from a changing base or growth trend. When two 
series are being compared or combined, for instance, it is important to 
have them on such a basis that the fluctuations are of similar significance. 
Suppose that we are comparing cycles of bank clearings and cycles of 
pig-iron production for a certain period, and that bank clearings tend to 
fluctuate within a range of ±20 per cent and that pig-iron production 
tends to fluctuate within a range of ±45 per cent. Obviously, a 10 per 
cent fluctuation in pig-iron production is less than one-half as significant 
as a 10 per cent fluctuation in bank clearings. The two series can be 
placed on a comparable basis from this point of view by stating them in 
terms of their respective average or standard deviations. This use of 
average and standard deviation will be explained in greater detail on 
pages 339 to 341, in the chapter on business cycles.^ 

In order to illustrate further the procedure of reducing series to terms 
of their standard deviations, let us consider Exhibits 108 and 109. In 
the table of Exhibit 108, columns A and E represent sales (in dollars) of 
tires and automobiles in an assumed case. Columns B and F represent 
deviations from the average of each series. In the manner previously 
described, it is found from columns C and G that the standard deviations 
are .7 and 5.5 for sales of tires and sales of automobiles, respectively 
(see note at bottom of Exhibit 108). It is then a simple matter to 
reduce these series to terms of their standard deviations. To do this, the 
deviations from the average are simply divided by the respective standard 
deviations. For example, the first item in column 5 ( — 1) is divided by 
.7, and the resulting figure (—1.4) means that January sales of $1,000 
were 1.4 standard deviations under the average. The two series are 
stated in terms of their standard deviations in columns D and JEf, Exhibit 
108. It will be seen from columns A and E, Exhibit 108, and from Part 
A, Exhibit 109, that the automobile series fluctuates much more widely 
than the tire series. However, from a point of view such as that of 
analyzing business conditions from the movements of these curves, a 
small movement in the tire curve is as significant as a large movement in 


^ See also second footnote on p«‘219 relative to standard' error of estiinate; 
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the automobile curve. That this is true is shown by Part J5, Exhibit 109, 
in which the two series are presented in terms of their standard deviations. 
It is obvious that if the two series in Part A, Exhibit 109, w^ere averaged 
together, the resulting curve would be dominated by the automobile 




Sales of tires 


Sales of automobiles 


A 

Sales 
in thou- 
sands of 
dollars 

B 

Devia- 

tions 

c 

Devia- 

tions 

squared 

D 

Sales 

in 

terms 

ofS.D. 

E 

Sales 
in thou- 
sands of 
dollars 

F 

Devia- 

tions 

0 

Devia- 

tions 

squared 

H 

Sales 

in 

terms 

ofS.D. 

January 

1 

-1 

1 

-1.4 

2 

- 0 

36 

-1.1 

February 

2 

0 

0 


10 

+ 2 

4 

+ .4 

March 

1 

-1 

■I 

-1.4 

2 

- 6 

36 

-1.1 

April 

3 

+1 


+1.4 

15 

+ 7 

49 

+1.3 

May 

2 


0 


4 

- 4 

16 

- .7 

June 

3 

+1 

1 

+1.4 

15 

+ 7 

49 

+1.3 

July 

2 


0 


4 

- 4 

16 

- .7 

August 

2 


0 


4 

- 4 

16 

- .7 

September 

3 

+1 

1 

+1.4 

18 

+10 

100 

+1.8 

October 

2 


0 


10 

+ 2 

4 

+ .4 

November 

1 

-1 

1 

-1.4 

2 

- 6 

36 

-1.1 

December 

2 

0 

0 


10 

+ 2 

4 

+ .4 

Averages 

12/24 

2 


12/6 

.5 


12/96 

8 


12/366 

30.6 



= .7 

S.D. or ir = 0.7* 


V 30.5 = 5.6 
S.D. or <r *» 6.5* 


* Since sales are in thousands of dollars, three places having been dropped to simplify computation! 
.7 really represents t700 and 6.6 really represents $6,600. That is, S.D. of tires is actually $700 and 
S.D. of automobiles, $6,600. However, since the three places were dropped in columns A and J?, the 
entire computation was carried through on this basis, using .7 and 5.5 in computing columns D and H. 
Exhibit 108. — Reduction of two time aeries to terms of their standard deviations. 


fluctuations. In Part B, however, the two series are on a comparable 
basis, and if they are averaged together, the resulting curve will be 
influenced approximately as much by the fluctuations in tire sales as 
by the fluctuations in automobile sales.^ 


* The effects of expiesung certain series in terms of their standard deviaricms -may 

be further appreciated by ^refcmng to ;(%art E^hihU 119.. .. . 
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Skewness. — The measures of variation which we have considered are 
used in determining either the absolute or the relative amount of variation 
in the data. They do not, however, measure skewness. Skewness is the 
lack of symmetry. When a frequency distribution is plotted on a chart, 
skewness is present if the items tend to be dispersed more on one side of 
the mean than on the other. 

Since measures of skewness are used only occasionally in business 
statistics, this discussion on the subject will be confined to the “bell- 
shaped” curve and distributions that are similar to it. That is, U- 
shaped curves and J-shaped curves (see Exhibit 72, page 144) will not 
be includeid. 



A 



2 i 1 I I I 

JAN. APR. JULY OCT. JAN. 

B 


EbcHiBiT 109. — A series with relatively large fluctuations and a series with relatively 
small fluctuations are presented in Part A. These series are presented in terms of their 
standard deviations in Part B, (Tabular data are given in Exhibit 108.) 


In measuring the extent to which the data are skewed to one side of 
the central or most “dense” part of the distribution, the relative positions 
of the averages are useful. In a perfectly symmetrical distribution 
(such as Part A, Exhibit 72, page 144), the mode, median, and arithmetic 
average coincide. Asymmetrical distributions, however, show variation 
in the values of these averages. In moderately asymmetrical data 
(Part B, Exhibit 72), the median usually is approximately one-third of 
the distance (along a scale of values) from the mean to the mode. It is 
usual that the greater frequencies in economic data occur toward, the 
side of smaller values (positive skewness), and therefore the mode is 
usually less than the median and the arithmetic average in these data. 

The most common method of measuring skewness is 

_ arithmetic mean — mode 
Skewness standard deviation"" 

The result will be positive if the mode is smaller than the arithmetic 
mean, and negative if the mode is larger than the mean (see Exhibit 110). 




226 


BUSINESS STATISTICS 


The difficulty which sometimes exists in locating a true mode has 
resulted in the suggestion of a formula based on the median, namely: 

di — 3 (arithmetic mean — median) 

Skewness = r — ^ — 3-= — r-p 

standard deviation 

This formula may be used instead of the first formula for the reason that 
the difference between the arithmetic mean and the mode tends to be 
approximately three times the difference between the arithmetic mean 
and the median. 

Whether or not skewness is measured by mathematical methods, its 
presence can be observed from the distribution if it exists to any marked 
extent. It is important to determine the existence and the direction of 
skewness, for two distributions of data might have very similar averages 
and the same amount of dispersion, and yet be very different, because 



than mean — long tail of curve extends to the right). B, Negatively skewed (mode larger 
than mean — long tail extends to the left). 


skewness existed on opposite sides of the central tendencies in the two 
distributions. 


Questions and Problems 

1. What is meant by dispersion”? 

2. Name four measures of dispersion. 

3. What are two ways of expressing each measure of dispersion? Explain. 

4 . Does the range indicate normal dispersion? 

5. How is the quartile deviation determined? 

6. Does quartile deviation describe the dispersion within the entire distribution? 

7. Describe the average deviation method of measuring dispersion. 

8. How is a standard deviation computed? 

9. Describe three coefficients of dispersion. 

10. Explain how measures of dispersion are useful in comparing different series of 
data. 

.11. How are deviations from the average reduced to units of standard deviation? 

12. What is skewness? How may it be measured? 

18. An automobile manufacturer operating plants in Detroit and lx)s Angeles 
finds a wage distribution of the employees in his two plants to be as shown in the 
table at the top of page 227. 

From the data shown in the table at the top of page 227 determine which of 
the plants has the higher wages and in which plant the wages fluctuate more, abso- 
lutely and relatively. For your comparisons use the average deviation (compute 
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the median), the standard deviation, and any other measurements you may find 
necessary. Write a brief report based on your comparison. 


Daily wage 

Number of 
employees 
Detroit plant 

Number of 
employees 

Los Angeles plant 

$ 1.50-$ 2.49 

0 

7 

2.50- 3.49 

59 

102 

3.60- 4.49 

259 

111 

4.50- 5.49 

282 

360 

5.50- 6.49 

1,300 

159 

6.50- 7.49 

384 

33 

7.50- 8.49 

122 

13 

8.50- 9.49 

39 

11 

9.50- 10.49 

49 

0 

10.50- 11.49 

0 

0 

11.50- 12.49 

6 

1 4 

Total 

2,500 

1 800 


14. Sales of the Janies Locomotive Company and of the Diamond Variety Stores* 
Inc. for the years 1924-1937 were (in millions of dollars): 


Year 

James 

liocomotive Co. 

Diamond Variety 
Stores, Inc. 

1924 

1.9 

56 

1925 

2.3 

62 

1926 

2.2 

69 

1927 

2.4 

76 

1928 

2.9 

78 

1929 

2.1 

86 

1930 

1.6 

74 

1931 

1.1 

69 

1932 

.9 

30 

1933 

.1 

38 

1934 

.2 

52 

1935 

l.l 

60 

1936 

2.2 

72 

1937 

2.8 

88 

Total 

23.8 

910 





Compare the relative fluctuations in sales of the two companies by two methods of 
Ltation. 

^ The data on retail sales and bank debits in Crown City for the years 1936 
[937 (in millions of dollars) are shown in the table on page 228. 

Reduce the two 24-month series to units of their respective standard devia- 
and make a graph in units^of standard deviation (see Exhibit 109B), 
b* Write a brief report of business conditions in Crown City. 
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Crown City Business Data 


Month 

Retail sales 

Bank debits 

1936 

1937 

1936 

1937 

January 

17 

21 

36 

67 

February 

18 

21 

39 

69 

March 

24 

26 

41 

72 

April 

22 

25 

44 

77 

May 

17 

21 

40 

66 

June 

14 

18 

47 

71 

July 

13 

17 

49 

64 

August 

15 

23 

53 

62 

September 

19 

24 

55 

69 

October 

21 

25 

61 

71 

November 

24 

27 

64 

74 

December 

30 

34 

79 

82 



16 . Compare the relative fluctuations of the two 24-month series on retail sales and 
bank debits given in Problem 15, using the average deviation in your computations. 
Comment briefly on your results. 




CHAPTER XI 


THE NORMAL CURVE, PROBABLE ERROR, AND THE 
PROBLEM OF SAMPLING 

The business man must continually deal with occurrences which 
have not been the subject of direction or control but which just happen/’ 
In practical considerations, this category is a broad one and includes 
many kinds of events which might be controlled but which are allowed to 
occur without any attempts at direction. Typical problems may be 
indicated by the following questions confronting the executives of a shoe 
manufacturing company: How many of each size of shoe should we make? 
Can we cut down the accident rate in our plant? Have we too much 
sickness? Can we reduce the number of fires? Are our inspectors 
missing too many defective parts? 

The Importance of Distinguishing Chance Phenomena. — In the field 
of business, some occurrences are due to chance, some to directed causes, 
and some to a combination of chance and directed causes. Inasmuch as 
problems of chance occurrences ordinarily require entirely diffc'rcmt solu- 
tions from those of directed causes, any method that will aid in dis- 
tinguishing them is obviously of much value. 

Chance happenings often can be segregated because tluiy occur in 
accordance with certain laws which make it possible to determine their 
distribution. Any variations from the expe^cted distribution may be 
indicative of outside causes. Once this distribution is known, unde- 
sirable events can often be provided against on a systematic basis such as 
that underlying the principles of insurance. The results not due to 
chance, once the causes are known, can often be controlled or eliminated. 

Even though it may sometimes be possible to remove or control the 
causes of undesirable happenings, it is often preferable to make a sys- 
tematic provision for compensating for them if they tend to follow the 
laws of chance. For instance, in a large, widespread community, it is 
possible to determine closely the chances of fire losses for the community 
as a whole, and it is considered more practicable to provide fire insurance 
than to eliminate all possibility of fire. 

If one is to be able skillfully to consider chance phenomena, in an 
effort to take advantage of favorable opportunities and avoid pitfalls 
or make proper provision therefor, he must study the causes that give 
frequency curves certain shapes, and in this effort he will profit by 

229 
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considering some of the fundamentals of the theory of '^probability.*^ It 
is not properly within the scope of the present work to consider the 
subject of probability at any groat length, but a brief discussion of 
the subject will be given for the purpose H)f introducing the reader to 
the possibilities of this type of analysis. It will be seen that some 
understanding and appreciation of the theory of probability is of great 
practical value in analyzing business problems, and that it is important 
for the business student to realize this fact. Even if he does not have, 
or does not wish to acquire, the background necessary for making the more 
elaborate probability analyses, he should at least appreciate, in a general 
way, the possibilities of such an approach so that he will not overlook 
the distinctions between distributions due to controlled causes and those 
due to pure chance.^ 

The Normal Curve. — In Chapter VII on statistical distributions, 
the symmetrical bell-shaped frequency curve, known as the "normal 
curve,’’ was briefly described. This curve is also known as the "normal 
probability curve,” the "normal curve of error,” and the " Gauss-Laplaco 
curve.” It is known as the normal probability curve because it represents 
the theoretical probabilities of certain chance phenomena (sec later 
explanation of Exhibits 112 and 113). It is known as the "normal 
curve of error” because of the use of the curve to describe a distribution 
of errors made in the taking of measurements. When repeated measui^e- 
ments are taken of a certain astronomical distance, for instance, they will 
not all be the same but will have a marked central tendency from which 
they will vary above and below according to a symmetrical pattern. It 
is called the "Gauss-Laplace curve” after the mathematicians Gauss 
and Laplace to whom is credited much of the earlier work on the analysis 
of the curve and the theory of probability. The so-called "Gauss- 
Laplace law,” however, is believed to have been first discovered by 
DeMoivre in 1732. . The curve is known as the normal frequency curve, 
not only because of the tendencies just mentioned, but also because 
natural as well as chance phenomena tend to be grouped or distributed 
according to the probability curve. For instance, if the leaves on a tree 
are classified by lengths into a frequency table, a curve plotted therefrom 
will approximate the symmetrical bell-shaped curve shown in Exhibit 113. 

The normal curve is but one of a number of types of curves which 
may be used to describe frequency distributions, but since it probably 
is the most significant single type, an understanding of its characteristics 
is of great help in making statistical analyses where the problems of 

^For a more complete discussion, see Frederick C. Mills, Statistical Methods,” 
2d ed.. Chap. XIII, ” Elementary Probabilities and the Normal Curve of Error,” and 
Chap. XIV, ^^Statistical Induction and the Problem of Sampling,” Henry Holt & 
Company^ Inc., New York, 1938. 
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frequency distributions are involved. It follows that a limited introduc- 
tion to the elementary principles of probability may properly be based 
upon a consideration of this curve, and, accordingly, this procedure is 
followed in the present discussion. 

Probability. — -The te rm //pr obab il ity,^^ as used in sta tistics, refers 
to the probabilit y of occurrence of an e vent, or the expected relative 
frequency of an event in an infinite number of observations or trials. 
This expected ratio may be based upon a priori knowledge of the condi- 
tions determining the probability, as in simple games of chance, or upon 
actual experience data, as is usual in economic and social phenomena.^ 
The probability ratio is a fraction between the limits zero (impossibility) 
and unity (certainty). Within the practical limits of human knowledge 
and belief, the probability that the sun will rise in the east tomorrow is 
certainty or 1 ; the probability that the sun will set in the east is impos- 
sibility or 0; and the probability that it will be cloudy in the east is some- 
where in between. 

The law of chance as applied to the tossing of a coin is generally 
understood. That is, assuming a haphazard toss and a perfect coin, the 
chance is one out of two that a head will turn up. Or there is one chance 
that a head will show to one chance that a tail will show. 

Next let us suppose that two coins are thrown. What are the chances 
of heads appearing and what arc the chances of tails appearing? Both 
coins may show heads, both tails, or cither a head with the other a tail. 
Letting H indicate head and T indicate tail and letting (a) and (6) 
identify the respective coins, the possible combinations may be listed as 
follows: 


(a) 

(6) 

(a) 


(&) 

(a) 

(b) 

H 

and H 

H 

and 

T 

T 

and T 




or 






T 

and 

H 




Thus there is possible one throw of both heads (HH), two of a head and 
a tail (HT), and one of both tails (TT). This may be expressed: 

H2 -f- 2HT + T2 

where the exponents or powers to which H and T are raised represent the 
number of H^s and the number of T^s and, thus, the number of heads, 
the number of tails, and the number of heads and tails. The resemblance 


1 See Harry Jerome, ‘^Statistical Method,'" p. 165, Harper & Brothers, New York, 
1924, and Arne Fisher, ‘-The Mathematical Theory of Probabilities,” pp. 82-85,* 
The Macmillan Company, New York, 1916. 
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of this result to that obtained when a binomial is squared becomes 
evident.^ 

Developing the coin-throwing illustration still farther, let us consider 
the combinations i)ossible if we throw four coins designated (a), (b), (c), 
and (d) so that the individual coins can be identified. The possible 
combinations are as follows: 


4 heads 

3 heads 

2 heads 

1 head 

0 heads 

0 tails 

1 tail 

2 tails 

3 tails 

4 tails 

(a)(6)(c)(d) 

(a)(6)(c)(d) 

(a)(6)(c)(d) 

(o)(6)(c)(d) 

(a)(6)(c)(d) 

H HH H 

H HH T 

H H T T 

H T T T 

T T T T 


H H T H 

T HH T 

T H T T 



H T H H 

T T H H 

T T H T 



T HH H 

H T T H 

H T H T 

T H T H 

T T T H 



If we consider 4 heads in the above illustration as “heads to th(i 
fourth power, which means the product of 4 H\s, etc., the combina- 
tions may be expressed as follows: 

H4 + 4H3T -f- 6H2T2 + 4HT3 + T\ 

where is the probability of exactly 4 heads in a single trial, 4H3T is 
the probability of exactly 3 heads and 1 tail in a single trial, etc. From 
the above it is apparent that there seems to be a regular law which 
governs the combination of a given number of heads and tails. In fact, 
the results obtained from the above throw of four coins are the terms of 
the binomial expansion resulting from raising the binomial (H + T) 
to the fourth power. If ten coins had been tossed at one time, the 
binomiar would be raised to the tenth power and so on. 

If ten coins are tossed, we might list the possible combinations as we 
didf in the above example of four coins. A much more simple procedure, 
however, is to determine the coefficients (the number of times each 
combination occurs) by the use of the binomial triangle. 

The Binomial Triangle. — The binomial triangle (Pascal’s arithmetical 
triangle) is an ingenious labor-saving device for determining the coeffi- 
cients of a binomial expansion. To set up this triangle, first list the 
powers in a table stub ad far as the power to which the given factor is to 
be raised, see Exhibit 111. Then, in the first column, list as many I’s 
as there are poWerd (10 in the illustration). Next, in the adjoining 

I The student will leeall from elementary algebra the rule for squaring the bino- 
mial a +.6,' square qf the. sum of tm numbers equde^the equate, of fir sty p!^ 
twice the product of the first by the sepond, plus the square of the second. - 
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column on the top line enter a 1. Then, to complete the table, obtain 
each coefficient in the successive rows by adding the coefficient located 
just above it to the coefficient immediately to the left of this above coeffi- 
cient. When the end of each row is reached and there is no term above, 
enter a 1 at the end of the row. Thus, in Exhibit 111, after the column 
of I’s has been set up, the top row is completed by placing another 1 in 
the next column. For instance, in the second row the second item (2) 
is obtained by adding the 1 above to'the 1 to the left of the 1 above, and 
the row is completed by setting down a 1 at the end. For the second item 
in the third power the coefficient (3) is obtained by adding 1 and 2 
together; and that for the fourth term in the tenth power (120) is 84 + 36. 

Referring again to our example of 10 coins, we can read from the bot- 
tom row of the table in Exhibit 111 the coefficients of the expansion of the 


Binomial Triangle 


Power 

Coefficients 

1st 

1 

1 








2d 

J 

2 

1 







3d 

1 

3 

3 

1 






4th 

1 

4 

6 

4 

1 





5th 

i 

5 

10 

10 

5 

1 




6th 

1 

6 

15 

20 

15 

6 

1 



7th 

1 

7 

21 

35 

35 

21 

7 

1 


8th 

1 

8 

28 

56 

70 

56 

28 

8 

1 

Pth 

1 

9 

36 

84 

126 

126 

84 

36 

9 1 

10th 

1 

10 

45 

120 

210 

252 

210 

120 

45 10 1 



Exhibit 111. — The binomial triangle (Pascal’s arithmetical triangle) — a device for deter- 
mining coefficients of the terms in the expansion of a binomial to a given power. 


binomial (H + T) to the tenth power. The total of the coefficients is 
1,024. Thus, if 10 coins are thrown, the chances are 1 out of 1,024 that 
all will be heads, 10 out of 1,024 that 9 will be heads, 45 out of 1,024 that 
8 will be heads, and so on. All of the probabilities added together give 
1,024/1,024 or unity, which is the symbol for certainty, as previously 
mentioned. 

Comparison of Actual and Theoretical Distributions. — In the table of 
Exhibit 112 the middle column shows the theoretical distribution of 
throws of 10 coins 1,024 times and the last column shows the actual dis- 
tribution in a certain experiment in which the coins were actually thrown 
1,024 times. These data are shown graphically in Exhibit 113 on which 
the smoothed curve represents the theoretical distribution and the hcAvy 
black dots connected by light lines represent the actual results of the 
e3q)erimental throw. (It should be appreciated that a smocTthed. curve 
is not, strictly speaking, an exact representation of the binomial coeffi- 
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cients for the tenth power, as there are no intermediate values between 
the coefficients, and the smoothed curve implies a continuous series. 
However, as the power becomes larger, the coefficients approach more 
closely the smoothed normal probability curve, and, therefore, the 
smoothed curve may be used to indicate the relationships between the 
binominal distribution and the probability curve.) ^ 

The Law of Normal Frequency. — The preceding discussion illustrates 
how chance phenomena tend to be grouped according to the probability 
curve. Previous reference has also been made to the tendency of natural 
phenomena to be grouped according to the probability curve. The reason 

Comparison of 

Theoretical and Actual Distributions op Throws 
OP Ten Coins 1,024 Times 


Number of 
heads up 
in a throw 

Frequency of throws 

Theoretical 

number 

Actual 

number 

0 

1 

2 

1 

10 

11 

2 

45 

41 

3 

120 

129 

4 

210 

223 

5 

252 

248 

6 

210 

194 

7 

120 

124 

8 

45 

42 

9 1 

10 

8 

10 j 

1 

1 


Exhibit 112. — Theoretical probabilities compared with actual occurrences ‘n an experi- 
mental throw. (Shown graphically in Exhibit 113.) 

for this similarity is that the variations in natural phenomena, as, for 
instance, in the lengths of leaves, are, like the results of coin throwing, 
due to chance. 

A chance phenomenon, strictly speaking, is not due to abstract hap- 
penings without cause, but is the result of an intricate multiplicity of 
causes which are largely uncontrollable and often unknown, at least with 
respect to the result being considered. When a coin is tossed, for 
instance, a great number of small factors, which influence or control the 
result with varying degrees of effect, come into play, such as the original 
position, a turn of the hand, air currents, and resilience of the floor or 


^ See G. li. Yule and M. G. Kendall, An Introduction to the Theory of Statistics,” 
11th ed., Chap. X, Charles Griffin & Company, London, 1937. 
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table top. Under the conditioiiH being considered, however, the com- 
binations of factors are very finely balanced and there is an equal tendency 
or a 50-50 chance that the variation may be in either direction. Like- 
wise the variations in the lengths of leaves are due to many causes which 
'' happen'^ to affect them with the result that the lengths are distributed 
according to the laws of chance. 

The tendency of natural phenomena, such as the lengths of leaves, 
heights of men, or sizes of hands, when classified into a frequency table 
and plotted as a graph, to approximate a symmetrical bell-shaped curve 


ACTUAL AND THEORETICAL DISTRIBUTIONS 
OF 1024 THROWS OF TEN COINS 



Exhibit 113. — Smoothed curve of theoretical distribution compared with actual occur- 
rences in an experimental throw. (Data from Exhibit 112.) 


similar to the probaiulity curve (Exhibit 113) is known as the ^Maw 
of normal frequency.'' In more precise terms the law is as follows: 
Variaie values of a natural 'phenomenon tend to he s'ymmetricall'y distributed^ 
about the mode in proportions determined by the law of chance distributions.^ 

So far the theory of probability or normal distribution has been 
stated in terms implying the dominance of the law of equal chance, that 
is, that there must be an equal tendency or a 50-50 chance that the 
variation may be in either direction. When, however, one or more 
causes tend to be dominant, a skew distribution results. Such a condition 
is common in business and economic phenomena, but often such skewness 

^ JsROMB, Harry, Statistical Method,” p. 170, Harper & Brothers, New York, 
1924. 
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is not QO great as to prevent the application of the law of. normal prob- 
ability with reasonably accurate and valuable results. Extreme care 
must be taken^ however, if there is a marked departure from a normal 
curve. The importance of appreciating this point when applying 
statistical formulas cannot be overemphasized for the reason that most 
of them are based upon the assumption of a. symmetrical or only moder- 
ately skew distribution. 

Properties of the Normal Curve. — ^The heavy curve in Exhibit 113 
represents a normal probability curve smoothed from the theoretical 
distribution of tossing ten coins. The shape of the curve would be 
different for different exponents of the expression of the binomial. That 
is, the lower the exponent the more peaked is the curve; and, con- 
versely, the higher the exponent the flatter is the curve. However, all 
of these curves are alike in that they are symmetrical about a maximum 
and they shade off equally in both directions in a regular and . systematic 
manner. These curves have certain mathematical characteristics of 
which the following are among the most important : 

1. The arithmetic mean, the median, and the mode coincide. 

2. The standard deviation cuts the curve at the points of inflection (the points 
where the curvature reverses). 

3. Within a distance of one standard deviation above and below the mean, 68 
per cent of the instances will occur, 

4. The average deviation is approximately 4 (or .7979) of the standard deviation. 

5. The semi-inter-quartile range, is equal to the probable error, that is, 

a distance above and below the mean within which one-half of the instances fall. 

6. The semi-inter-quartile range, — b when added to the lower quartile or 

when subtracted from the upper quartile is equal to the mean, the median, and the 
mode, and is equal to approximately } of the standard deviation.^ 

7. Within a range of approximately | (or .6745) of the standard deviation, meas- 
ured plus and minus from the mean, one-half of all the instances occur. (This 
measure is the “probable error” which added to and subtracted from the mean 
determines the range within which the chances are even that an item selected at ran- 
dom will fall.) 

8. .As all of the instances are included between the curve and the horizontal 
axis, the area between the curve and the horizontal axis represents the total number 
of items. (A clear appreciation of this point is important in connection with the 
discussion of probabte error on pages 237 and 239.) 

Referring to Item 1 above, it is obvious from either the table or 
the graph of theoretical frequencies (Exhibits 112 and 113) that the mode 
is 5. It is likewise obvious that the mid-item of an array would be in 
th^ group of 252 fives and that, therefore, the median is 6. Since half 

t ^ Seo Horace Secrist, '^An Introduction to Statistical Methods/’ pp. 368-^60^ The 
Macmillan.Company, New, Yorki 1925. 



NORMAL CURVE, PROBABLE ERROR, SAMPLING 


237 


of the total of the values is above and half is below the mid-point, it is 
also obvious that the arithmetic mean is 5. (This figure may be checked 
if desired, by multiplying each number of heads by the corresponding 
theoretical frequency, obtaining the total of these products, 5,120, and 
dividing by the number of throws, 1,024.) 

Probable Error. — It follows from the preceding discussion that the 
tendencies and characteristics of the normal distribution will provide a 
basis for determining and expressing the degree of precision of averages 
and coefficients insofar as they are conditioned by chance elements. In 
this connection the measure of dispersion known as the probable error” 
(P.E.) will now be considered. ‘‘Error” is used in the sense of deviation, 
and “probable” is used in the sense of equally probable. 

The term “error” must not be confused with “mistakes” or 
“blunders” due to carelessness or incompetency in reading figures, 
making computations, or transcribing data. Mistakes can be avoided 
by exercise of care and use of checking methods. But error cannot be 
avoided for the reason that measurements cannot be absolutely exact. 
Measurements repeated with the greatest care will not yield the same 
results, but the most probable value may be obtained from a number of 
observations by averaging the results, providing the errors of the sepavate 
observations are accidental, or due to chance, and tend to balance each 
other. Error is the difference between the observed value and the most 
probable value. And error is a deviation — not a mistake. 

Various averages and coefficients are cahailated from samples. One 
may measure the precision of these averages and coefficients, insofar as 
it is conditioned by elements of chance, by determining the amount or 
size of the probable error. If the deviations from the average are arrayed 
in order of size, irrespective of whether they are above or below, the, 
average, the central deviation (median) is the “probable error,” or it is 
the deviation within which it is just as likely as not (that is, the chances 
are even) that any given case chosen at random will fall. 

An average computed from the limited number of observations in a 
sample is not likely to be the same as would be obtained from another 
sample of the same size or if all of the items in the universe were included. 
Similarly, differences are likely to occur in the standard deviation and 
other statistical measures. That is, these statistical measures are them- 
selves variables. As a practical matter it is not feasible to describe a 
distribution with greater precision than the facts warrant. Therefore, it 
is necessary to know how the statistical measures obtained from limited 
sahiples are distributed. If successive samples of the same kind are 
chosen at random, and averages or other statistical measures are com- 
puted for each sample, the distribution of the different computations will 
follow laws of probability, some according to the bell-shaped curve or 
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normal curve of error which has been described, and others according to 
laws quite different from the normal curve of error. The amount of 
unreliability may be stated in terms of this probable error j which is .6745 
times the standard deviation. (It is to be noted that P.E. in cases 
other than the normal distribution is .6745 times the standard deviation, 
but in these cases it is a range which does not necessarily contain 50 per 
cent of the instances.) 

In further explanation of the probable error concept, let us suppose 
that we have a large number of averages that have been computed from 
different samples selected at random from a large group of items. As 
indicated previously, these averages will differ somewhat from one 
another, although they have been taken from the same universe, and if 
they are arranged in a simple frequency table and plott(id as a curve, the 
result will approximate a bell-shaped normal curve. Different normal 
frequency curves vary according to the degree to which the data con- 
centrate about the mean. ‘ Some are relatively ^‘peaked” while others 
are relatively flat. If the averages computed from the samples as men- 
tioned above tend to vary but little from the mean, the curve will hv. 
relatively high and narrow, which indicates only a slight dispersion. 
If the averages tend to vary widely from the mean, the curve will be 
relatively wide and flat, indicating great dispersion.^ In both caset^ 
however, the curves have the characteristics of the normal curve. 

Regardless of such differences in the normal frequency curves as those 
mentioned above, if we measure from the central ordinate a distance to 
the left equal to the standard deviation of the series, and if we measure 
a like distance to the right, and erect ordinates at these points, they will 
cut the curves at the points of inflection. And the area under the 
curve between these two ordinates will be in all cases approximately 
68 per cent of the total area under the curve and, consequently, will 
represent approximately 68 per cent of the total frequencies. That 
is, 68 per cent of the total deviations are within a range described as 
‘‘plus one’' and “minus one” standard deviation from the central 
ordinate, which, in a normal distribution, represents the mean, as well 
as the median and the mode.^ Similarly, if we measure approximately 
two-thirds (.6745) of the standard deviation in both directions from the 
mean and erect perpendiculars at these points from the base line to the 
curve, the area enclosed will be an even half of the total under the curve 
and hence will represent one-half of the total frequencies, or the area 
within which there is a 5(K50 chance that an item selected at random 

' It is understood, of course, that the curves are drawn to the same or comparable 
scales. 

* Similar percentages can be determined for any fraction or multiple of the stand- 
ard deviation. 



NORMAL CURVE, PROBABLE ERROR, SAMPLING 23d 

will fall. In Exhibit 114 this procedure is applied to a curve of the 
theoretical frequencies of coin throws tabulated in Exhibit 1 12. Ordinate 
A is approximately two-thirds of one standard deviation to the left 
of the mean (6), and ordinate B is the same distance to the right. The 
shaded portion represents one-half of the area under the curve, and 
is the area within which one-half of the items fall. The difference 
between the mean and the value at ordinate A or ordinate B represents 
the ^'probable error'' of the distribution. The standard deviation (S.D. 
or <r) in this case is 1.58 and the probable error (P.E.) is 1.07. That is, 
there is a 50-50 chance that an item s(‘loctcd purely at random will fall 



NUMBER or HEADS UP IN A THROW 

Exhibit 114. — Ordinate A is approximately two-thirds (.6745) of one standard devi- 
ation to the left of the mean (5), and ordinate B is the same distance to the right. The 
shaded portion represents one-half of the area under the curve, and is the area within 
which onc-half of the items fall. The range of approximately two-thirds (.6745) of one 
standard deviation to the left and to the right of the mean is known as the probable error 
of the distribution. (In this case P.E. = ± 1.07; see Exhibit 115.) (Exhibit 114 is based 
upon the theoretical distribution tabulated in Exhibit 112.) 

within 5.00 ± 1.07 or between 3.93 and 6.07. The method of computing 
S.D. and P.E. of this distribution is illustrated in Exhibit 115. (Again 
it should be appreciated that for purposes of simple illustration the coin 
series, which really is a discrete series, has been treated as a continuous 
series.) 

Referring again to the curves of averages, mentioned on pages 237 and 
238, if the dispersion in a group is small (that is, if the items are concen- 
trated closely about the mean item and the curve is relatively high and 
narrow) the probable error will be small. And, conversely, if the dis- 
persion is great (that is, if the items are spread out and the curve w 
relatively low and flat) the probable error will be large. 

Probable error formulas have been developed for each of the statistical 
averages and eoefficients that may be calculated from a sample. In 
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each case the probable error is the measure, in the sense here used, 
of the reliability of the given average or coefficient, in terms of the 
probable distribution of a large number of estimates, computed from 
similar samples, about the true value. A detailed or extended considera- 
tion of probable error is beyond the scope of this study, but it is important 


Number 
of heads 
(class) 

V(a) 

Frequency 

of 

throws 

. (b) 

\ 

Deviations 
from 
mean (5) 
(c) 

Deviations 

squared 

(d) 

Product of frequency 

1 times deviations squared 
(6 X d) 

< 0 

1 

-5 

25 

25 

S 1 

10 

-4 

16 

160 

2 

45 

-3 

9 

405 

3 

120 

-2 

4 

480 

4 i 

210 

-1 

1 

210 

5 

252 

0 

0 

0 

6 

210 

+1 

1 

210 

7 

120 

+2 

4 

480 

8 

45 

+3 


405 

9 

10 

+4 

16 

160 

10 

1 

4-5 

25 

25 

Total 

1,024 

... 


2,560 


Substituting the proper figures from the above table in the formula for the stand- 
ard deviation, we have: 


S.D. = -y/fg? = = 1.58 

P.E. = .6745 X S.D., or .6745 X 1.58, or 1.07 

EbcHiBiT 115. — Calculation of the standard deviation and probable error of the theo- 
retical frequencies presented in Exhibits 112 and 113. The above computation of S.D. is 
made by the usual process, but it will bo noted that it differs from the illustration on page 
220 as the above table is a frequency table and the squared deviations are multiplied by 
the corresponding frequencies. 

to consider a few of the more common types. Some of the more impqr* 
tant probable error formulas are listed at the top of the next page.^ 


^ For the purposes of the present discussion, the well-known formula for S.D. 
used in Exhibit 115 is considered satisfactory, but it should be appreciated that while 
this formula is satisfactory for large samples, it is not adequate if the sample is small. 
Small samples are not so generally representative and corrections are necessary. 
In a case of a small sample, the best estimate of the standard deviation of the universe, 
or, is given by 


a* 



where S is the standard deviation as found from the sample and n is the number .of 
items in the sample. 
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1. P.E. of any distribution = 0.6745 S.D. 

2. P.E. of the mean = 0.6745 

Vn 

3. P.E. of the S.D. = 0.6745 -i;. 

4. P.E. of the coefficient of correlation (r) = 0.6745^^^ — — X -- 

Vn 

The explanation of the probable error of a distribution was included 
in the preceding discussion of Exhibits 114 and 115. 

The probable error of the mean is used to determine the reliability 
of an arithmetic average computed from a given sample. It depends 
upon the value of the standard deviation and the number of items in 
the sample. Ixi applying the above formula, let us assume that we are 
trying to determine the average weekly wage of 100,000 factory workers 
in a certain state on the basis of a sample of 1,000. Suppose that the 
average as determined from the sample is $20.00 per wee^k. How much 
should the average obtained from this sample he expected to differ from 
the average of the entire 100,000 w’orkers? Applying the above formula 
for P.E.moan (assumiiig the standard deviation of the data in the sample 
to be $2.00), Aye have the following: 


* 2.00 

I •E.iiicAfi ■“ .6745' t— — . 

\/l,000 

= $.043 

The average found in the above investigation, therefore, would be 
stated as $20.00 ± .043. This means that 50 per cent of the samples 
have a mean which has a value lying betAveen the true value minus 
$.043 and the true value plus $.043. In other words, it is just as likely 
as not that the true value differs from $20.00 by at most $.043. 

The probable error of the standard deviation is computed in a similar 
manner. Substituting the above weekly wage data in the forihula we 
have: 


P.E.. = ,6745 
= .03, 




which gives us a measure of reliability of our “measuring stick.” It is 
interpreted in a maimer analogous to P.E. of the mean. The probable 
error of the coefficient of correlation will be explained in the next chapter 
in connection with the coefficient of correlation. 

Standard Error. — Another method of checking reliability is by means 
of the standard error. The standard deviation of a distribution of means 
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computed from samples is termed the standard error of the mean (aju)- 
(Without the subscript cr refers to the standard deviation.) The standard 
deviation of a distribution of any other statistical measures computed 
from samples is the standard error of that particular measure. The 
probable error is equal to .6745 times the standard error. 

The formula for the standard error of the mean (the standard devia- 
tion of the distribution of the means of samples) is: 

<r 

(FM — 7=i 

Vn 

It will be noted that the computation is like that for P.E. previously 
described except that the factor .6745 is not used. 

Significance of Probable Error and Standard Error. — The significance 
of the measures of reliability should be clearly understood. When we use 
a mean, standard deviation, or coefficient of correlation, which has been 
computed from a sample, we assume that it is applicable to a larger group 
or to the universe within certain limits. And the measures of reliability 
enable us to determine the limits within which there is a fifty-fifty chance 
that the results computed from the sample would not vary from the triuj 
value for the universe. 

It should be clearly understood that probable error and standard 
error can be used to measure only error resulting from variations in 
random samples of the same universe. It should also be understood that 
in economic and business statistics the conditions of purely random sam- 
pling are rarely fulfilled. The probable error and the standard error 
can give no indication of variations in successive samples due to causes 
other than those arising from the process of simple sampling. Variations 
due to directed or controlled sampling, bias, or mistakes, cannot be 
checked by these methods of determining reliability. 

The limitations of the above measures of error are so great when 
applied to business or economic data that they are not often directly 
applied. It is nearly always more satisfactory to make actual statistical 
tests of reliability or stability, by breaking up a given sample into signifi- 
cant parts and then comparing these parts and studying them for reason- 
ableness in connection with tests based on outside data. The chief value 
of the study of probability, and measures of error, in business and 
economic statistics is the traimng that it gives in the analysis of samples 
and distributions. Study and practice in using or in attempting to apply 
the mathematical methods previously described in this chapter will 
enable one to appreciate much more clearly the problem of making other 
kinds of checks to test the reliability of a sample to see if it is satisfactory. 
In other words, while these mathematical methods are seldom applied 
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directly in business or economic problems, indirect applications are very 
commonly made and are of great value as background material to the 
practical statistician. 


Questions and Problems 

1. Why ia it important to diatingnish between occurrences due to chance and 
those due to directed causes? 

2 . What is the “normal curve of error 

3 . What is meant by “ probability “? 

4 . Explain the law of chance, using coin tossing as an illustration. 

6 . How is Pascars arithmetical triangle constructed and how is it used? 

6. What is the “law of normal frequency “? 

7 . What are some of the important mathematical characteristics of the normal 
curve? 

8 . What is meant by “probable error”? 

9. What is meant by “standard error”? 

10 . Discuss the significance of probable error and standard error. 

11. Construct a binomial triangle (see Exhibit 111) so that you can determine 
coefficients to the twelfth power. 

12 . Toss 10 coins 1,024 times and compare results with the data in Exhibits 
112 and 113. 

13 . Compute the probable error of the distribution of the data obtained in Prob- 
lem 12 (see Exhibit 115). Present graphically as in Exhibit 114. 

14 . Suppose that you are trying to determine the average weekly wage of 50,000 
factory workers in a certain industrial area on the basis of a sample of 1,000. Suppose 
also that the average determined from the sample is $18.00 per week and that the 
standard deviation is $1.60. What is the probable error of the mean? 

15 . What is the probable error of the standard deviation in Problem 14? 

16 . What is the standard error of the mean in Problem 14? 



CHAPTER XII 


ANALYSIS OF ASSOCIATED CHARACTERISTICS— 
CORRELATION 

Business men are constantly studying a great number of relation- 
ships, such as the influence of population on the markets for their prod- 
ucts, the degree to which advertising may be depended upon to increase 
sales, the relation of the price of cotton to the size of the crop, the varia- 
tion of the production of workers with the length of their experience, or 
the relation between bank profits and the average balance maintained 
by depositors. Such analyses are practically always correlation analyses. 
As a matter of fact, business is a continual process of association or 
correlation, and the successful business man is an expert at correlation 
analysis, though it is not always in statistical form. 

Correlation Defined. — If a department store manager finds that he 
sells many more umbrellas on rainy days than on bright days, he knows 
that there is correlation^^ between the sales of umbrellas and rainy 
weather. However, he knows that as long as there is a possibility of rain 
at all, he will sell a few umbrellas even though the days are clear. He also 
knows that if there are twice as many rainy or cloudy days in one month 
as in another, he will probably not sell exactly twice as many umbrellas in 
the rainier month. But there will be some correspondence between sales 
of umbrellas and the number of rainy or cloudy days in the month, and 
this correspondence is spoken of as “correlation.” 

When one spea^ of corr elation between variables, one refers to the 
ca usal relatio SEipTSerw^en them."'T^~chahg^^^ one variable may be 
the direct cause or effect of those in another, the changes in certain 
variables may be the effects of a common cause, some of the causes and 
effects may be mutually reactive, several independent causes may be 
operating, and so on, but there must be some kind of a causal connection 
if there is to be correlation. If one should find, for instance, that the 
variations in canoe production in Samoa corresponded for a period very 
closely with wool prices in Boston, it would not indicate correlation 
between the two series, unless it could be shown that there was a causal 
connection between them. In analyzing his problems, the business man 
appreciates that there are causal relationships between such series as 
population and markets, sales and advertising, price and production, or 
skill and experience. Just what is cause and what is effect may be diffi- 
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cult or impossible to determine, but the degree of correlation that results 
may be measured and analyzed. 

Methods of Comparing Variables. — As time series occupy such a 
dominant position in business statistics, and as they are so often used as 
illustrations in the present chapter, it is neceissary at the outset to under- 
stand clearly the two commonly used graphic methods of presenting 
time-series correlation. These and other methods will be considered 
again, in greater detail, later in the chapter, but a brief explanation of the 



Exhibit 116 . — Two common graphic methods of comparing variables in correlation 
. analysis. 


two kinds of correlation graphs will be given at this point in order that 
they may be used at once in explaining the different types of correlation. 

One method that the above department store manager could use in 
stud}ring the correlation between rainy days and umbrella sales is to 
plot the data as two historical curves as shown in Part B, Exhibit 116. 
(The numerical data of the two series are presented in Part A.) The 
movements of the two curves correspond very closely (which indicates 
a high degree of correlation) until the month of December is reached, 
when there is a wide divergence, obviously due to the effect of Christmas 
sales. As this method is the same as that previously used in presenting 
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time series in this book, it need not be discussed further at this point, 
j The other graphic method of showing correlation is known as the 
r scatter diagram.'' By this method, the correlation between rainy 
days and umbrella sales may be shown as in Part C, P^xhibit 116, where 
the number of rainy days is plotted on the rc-axis and the number of 
umbrellas sold is plotted on the y-axis. That is, to plot the data for 
January, find 14 on the rainy-day scale and plot this value opposite 147 
on the umbrella scale (see Part C, Exhibit 116, in which this particular 
point is underlined). When the corresponding values of two series are 
paired in this manner, the relation between the two is indicated. The 
reader of Part C, Exhibit 116, will recognize rainy days as the independent 
causal factor, and the effect is shown in the dependent fluctuations of 
umbrella sales. In this exam’ple, it is clearly indicated that, as the num- 
ber of rainy days per month increases, the sales of umbrellas tend to 
increase. (The trendi line through the points helps to indicate this 
tendency.) However, one marked exception to this tendency appears 
on the chart,, in that one dot (near the top of the graph) is far out of line, 
because of Christmas sales, as mentioned previously.^ 

T5rpes of Correlation. — Correlation is described or classified in several 
different ways. Three of the most important are: (1) direct and inverse; 
(2) linear and non4inear {curvilinear) ; and (3) simple^ partialy and multi- 
ple, These will now be discussed briefly. 

1. The classification of correlation as direct or inverse is based upon 
direction of change. If, as one variable increases (or decreases), the other 
changes in the same direction, the relation, correlation, or association 
between the two statistical series is said to be direct. Thus, employment 
increases when general business activity increases, and decreases when 
business declines (see Part Ay Exhibit 117). If, as one of the variables 
increases, the other decreases — that is, if the changes in the two variables 
are in opposite directions — the correlation between two statistical series 
is said to be inverse. To illustrate, business failures decrease in frequency 
as business improves, and increase as business declines (see Part By 
Exhibit 117). 

^ The two methods discussed above are sometimes designated as secondary and 
primary correlation methods, respectively. The first method (illustrated in Part By 
Exhibit 116) is a secondary correlation method of determining the association or 
relationship between two variables. Their relationship is determined by first relating 
each variable to a common third variable (time, in this case). In the second method 
(illustrated in Part C, Exhibit 116) the variables are directly paired, and the relation- 
ship is determined irrespective of any relationship which may exist between each and 
a common third factor. Thus, in secondary correlation, the relationship of the two 
variables is detenniped through the relationship of each variable to a third common 
causal factor, while in primary correlation the direct causal relationship between the 
^riables is measured. ' ; 
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2. Whether correlatiojii is linear or non-linear {curvilinear) depends 
upon the comtancy of raiio of change. If the amount of change in one 
variable tends to bear a constant ratio to the amount of change in the 
other variable, then the correlation is said to be linear. Thus one finds, 
ordinarily, that if income is doubled, wealth also is doubled; or if wealth 
is doubled, income is doubled (see Part A, Exhibit 118). This ratio of 
increase tends to remain constant irrespective of the amount of wealth 
orHhe amount of income. If the amount of change in one variable does 
not bear a constant ratio to the amount of change in the other variable, 
then the correlation is said to be non-linear^ or curvilinear. Thus, if 
one should double the amount of rainfall, the amount of wheat per acre 
is not necessarily doubled (see Part B, Exhibit 118). In most elementary 
work, the assumption is made that the scatter diagram tends to form a 


INDEX INDEX 

number number 



Exhibit 117. — Direct and inverse correlation illustrated on a secondary basis. {Hypo~ 

thetical data.) 

straight line; that is, that the correlation is linear. The methods for 
measuring non-linear correlation are much more complicated than those 
for measuring linear relationship. 

It should be pointed out that there are very few cases in which the 
relation between the associated series is linear throughout the entire 
possible range of the series.* Almost all statistical series have a limiting 
value below which they do not go or above which they do not rise, and as 
the paired values of the series fall nearer and nearer to the limiting value, 
the relation between the correlated series becomes non-linear. Thus, in 
Part A, Exhibit 118, showing the correlation between wealth and income, 
there are some people who have incomes, but who are entirely without 
wealth in the ordinary sense of the term. As a consequence a “line of 
best fit” would tend to have a greater slope near the lower left comer. 
For practical purposes in business statistics a good rule is: Unless there 
is a fairly well-defined curve relation between the paired values, witlun 
their or^nary and expected range, the correlation, if apy, should be 
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presumed to be linear. However, if there is positive evidence that the 
relation is not linear, it is not correct to apply linear-correlation methods. 

3. The distinction between simple, multiple, and partial correlation 
is based upon the number of series correlated. When but two attributes 
or characteristics are considered, the problem is one of simple correlation. 
If more than two series are considered, the problem is one of multiple 
or partial correlation. If the correlation is considered as if it included 
more than two variables, it is said to be multiple correlation. If we rec6g- 
nize more than two variables, but consider only two variables to be 
influencing each other, the problem is one of partial correlation. 
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A . — ^Linear correlation. B . — Curvilinear correlation. 

Exhibit 118 . — Simple examples of linear and non-linear (curvilinear) correlation. 


To illustrate the problem of multiple correlation we might consider 
the association between the yield of wheat per acre and both the amount 
of rainfall and the average daily temperature. • Or, the earnings of factory 
workers might be considered in relation to the amount of output, the 
amount of waste, and the length of experience with the company. In 
such problems the association is considered as a ‘‘combined'' correlation, 
not as the relationship between individual series. 

The problem of partial correlation is that of determining the associa- 
tion or correlation between two variables when certain other influencing 
variables are held constant, or when corrections and allowances are made 
for these other influencing variables. Thus, in the wheat problem men- 
tioned abov^, if we limit our correlation analysis of yield and rainfall to 
periods when a certain average daily temperature existed, or if we treat 
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the problem mathematically in such a way that changes in temperature 
are allowed for, the problem becomes one of partial correlation. 

In this discussion, only simple correlation will be considered. 

Associated characteristics or correlation will now be studied in three 
major parts: (1) those processes having to do with the logical analysis 
of correlation; (2) those processes by which the amount or degree of 
correlation between data is approximated by graphic and tabular meth- 
ods; and (3) those processes by which more precise mathematical measure- 
ments are made of the degree of correlation. 


LOGICAL ANALYSIS OF ASSOCIATED CHARACTERISTICS 

In logical analyvsis of associated characteristics in business statistics, 
one seeks to explain the correspondence between the series by means of 
some principle or theory of business. Or, if such principles or theories 
do not adequately explain the correspondence, one seeks to formu- 
late such hypotheses as will give a consistent explanation of the 
co-relationship. 

As was pointed out previously, simple comparison sometimes sug- 
gests that fundamental relationships may exist between the variables, 
but an understanding or appreciation of the degree and nature of these 
relationships requires more than simple comparison; it requires a correla- 
tion analysis. The correlation analyses that are constantly being made 
by men in all types of business are ordinarily simply reasoned out with 
but little use of graphic or mathematical methods. The previously 
mentioned department store manager, for instance, knows in a general 
way about what the relation is between rainy days and umbrella sales 
without referring to charts or figures. Graphic and mathematical 
methods, however, will greatly improve the business man^s knowledge 
of the correlations in his business, but they still must be accompanied by 
good judgment. These more accurate methods are becoming more and 
more necessary as competition increases. In all business correlation 
studies, logical analysis of the associated characteristics, which seeks 
to explain why certain relationships exist, is a fundamental requirement 
if the results are to be reliable and usable. 

Simple Cause and Effect Analysis. — ^Let us first imagine that we 
have two ideal statistical series, of which one is the only cause and the 
other the only effect. Let us further imagine that the cause operates 
independently; that is, that it is in no way influenced by the effect. 
Correlation analysis in such a problem would be simple, but such ideal 
relations do not exist. However, the principal cause may account for 
nearly all of the observed effects, as in the umbrella rainy-day correlation 
previously discussed. The logical analysis then consists of setting up an 
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hypothesis, theory, or principle by which the relation of simple cause 
and effect is demonstrated between the two series. 

When the correspondence between unemployment and building 
activity, for instance, is analyzed, a somewhat more complicated situa- 
tion is found. Thus, it is quite certain that the amount of unemploy- 
ment is affected by factors other than building activity,, such as the 
introduction of machinery, importation of cheap labor, and increase in 
efficiency of laborers already employed. Moreover, it is certain that 
building activity causes changes in a large number of scries other than 
unemployment. 

Association Involving Common Causes. — In the last illustration 
above, the associated series (unemployment and building activity) 
contained but one of the causes (building activity), and it was pointed 
out that many causes may be operating to give a certain measured effect. 

In certain problems of correlation, it is definitely known that neither 
of the two series is a cause, but that both are effects of a common cause 
or causes. In such problems, an additional complication enters, because 
it is necessary to include in the logical analysis not only the common 
cause, but also the causes which affect one series but which do not affect 
the other. Thus, suppose the problem involves the association between 
unemployment conditions and bank reserves. There would be some 
factors which would affect bank reserves but which would not affect 
unemployment at all, or which affect unemployment in a decidedly 
different manner than bank reserves. Likewise, there would be factors 
which would affect unemployment but which would not affect, bank 
reserves at all, or which would affect bank reserves very differently than 
employment. Importation of cheap labor might have little or no 
effect upon bank reserves, but it might have a decided effect upon unem- 
ployment. Bank laws requiring a definite ratio of reserves to deposits 
would not have much bearing upon unemployment. 

It Irequently happens that a common cause will affect one of the 
series before it affects the other. For instance, a certain manufacturer 
of heating equipment has found that the general conditions in the' build- 
ing industry correlate very closely with his volume of business. But, 
he also has found that his business increases about three months after 
building permits increase, and decreases about the same length of time 
after building permits decrease. Such relations between two time vari- 
ables make it possible to forecast the. movements of the series moving 
latest in point of time. 

Mutually Reactive Series. — ^Finally, we come to the most common 
situation in the analysis of associated characteristics in business, namely, 
that in which some of the causes and effects are mutually reactive, in 
which there are some common causes and some common effects, and in 
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which there are some independent causes and some independent effects. 
Of the causes in general, some are known, while some are unknown. Of 
the effects, some are known, while some are unknown. Some of the 
causes and some of the effects are not measurable, or, at least, not reducible 
to such form that they can be analyzed statistically. Exhibit 119 illus- 
trates the situation diagrammatically. 

It may appear to the reader that such a problem as that indicated 
in Exhibit 119 is impossible to solve. Of course a perfect solution is 
impossible. But it is representative of the problems that the business 
man is called upon continually to solve as best he can. In his logical 
analysis, the business man sorts out the principal causes and effects. 



Exhibit 119. — Illustration of a common problem in the analysis of correlation in business. 

and studies their relationships in a practical way. The more he appre- 
ciates the theory of correlation, the better will be his practical analyses 
of such business problems. 

Importance of Logical Analysis of Association. — ^Logical analysis of 
association or correlation is of great value as a supplementary check upon 
the mechanicalness of mathematical methods (which will be described 
later). It possesses a distinct advantage over mathematical analysis 
in that while a small number of cases may destroy the reliability of some 
phases of mathematical analysis, such paucity of statistical information 
does not operate to the same extent to destroy the usefulness of logical 
analysis. In logical analysis of association, it is possible to distinjguish 
between causes and effects of major and minor importance, and to dis- 
criminate between primary and secondary, and between direct and. 
indirect causation. This characteristic of lo^cal analysis mak^ it 
peculiarly useful where multiple and partial correlations are involved, a 
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field in which our present-day mathematical methods are none too well 
developed and understood. 

Logical analysis should always be employed: (1) to demonstrate the 
likelihood of correlation between statistical series; and (2) to explain 
in a consistent manner the association which appears to exist. 

GRAPHIC AND TABUL^ ANALYSIS OF CORRELATION 

Graphic methods are very commonly used in business correlation 
problems. On the whole, carefully handled and skillfully interpreted 
graphs have certain advantages over mathematical methods of deter- 
mining correlation in the usual business problems. The elements of 
judgment and special knowledge of conditions can be more easily intro- 
duced in studying correlation graphically. Mathematical correlation 
is often much too rigid for the data at hand. 

HCXJRS 



MILES MILES 

A . — Good proportions. B . — Distorted proportions. 

Exhibit 120. — Relations of scales for correlation charts. 

The Scatter Diagram. — Scatter diagrams, such as presented in 
Exhibits 116 and 118 earlier in this chapter, represent a widely used 
graphic form for showing the correlation between two statistical series. 
In this type of diagram, the two scries are 'paired, and the paired values 
are then plotted in the same manner as the points were plotted on the 
graphs discussed in Chapters V and VI. 

In preparing a scatter diagram, the horizontal and vertical scales 
should be so chosen that adequate space is provided for the range of the 
data of both series. In Exhibit 120, Part A illustrates the use of approxi- 
mately equal scales, while Part B illustrates the use of different ranges. 
The dashed line or “line of best fit” through the dots in Part A, Exhibit 
120, approximates an angle of 45 degrees and the dots are distributed 
along a narrow band which follows this line.^ In Part B the same data 

‘ Such “linea of beat fit” may be mathematically computed by the mMhod of 
least squares. In Exhibit 120, however, the lines were drawn in free hana. This 
method of “fitting the Une'by inspection” is sufSciently accurate for most practical 
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are scattered along a narrower band and a lesser slope. The narrower 
band and lesser slope result because the scale on the :r-axis is relatively 
large in relation to the scale on the y-axis. 

A number of methods are available by which it is easy to make a 
straight line of best fit (if there is one) approximate a 46-degree angle. 
Probably one of the simplest is that by w'hich the ratio between the scales ; 
is made inversely proportional to the ratio of the ranges of the data. 
That is, if the range of the x data is 400 building permits and the range of 
the y data is $5,000,000, then the scale for x would be to the scale for 
y in the ratio of 5,000,000:400, or 12,500:1. A convenient approxima- 
tion is usually satisfactory, which in the precieding case might be 10,000: 1, 
so that the same linear distance would represciiit $10,000 for y as repre- 
sented 1 building permit for x. If the data include items of unusual size, 
it may be better to make the x- and ^/-scales inversely proportional to the 
differences between the upper and lower quartiles. Thus, if the difference 
between the upper and lower quartiles on the ar-axis is $20,000,000 of 
bank debits, and that on the ^-axis is $25,000,000 of bank clearings, then 
the x-scale to the ^/-scale would be (inversely) 25,000,000:20,000,000, or 
5:4. That is, the same distance would indicate $4,000,000 on the a:-axis 
as would indicate $5,000,000 on the 2 /-axis. 

Scatter Diagrams May Indicate Both the Degree and the Type of 
Association. — The extent to which the paired data points tend to fall 
in a narrow band gives an indication of the degree of association between 
the two statistical series. In the charts in Exhibit 121, the first two 
(A and B) show a high degree of correlation because the points fall within 
a narrow band, and the last one (C) shows low or no correlation because 
the points are so widely scattered. 

The direction of the slope of the line of best fit (if the data lie fairly 
close to it) gives an indication of the type of association. If the correla- 
tion is direct, the data will be distributed in a narrow band running from 
the lower left-hand corner to the upper right-hand corner of the diagram 
(see Part A, Exhibit 121). If the correlation is inverse, the data will 
be distributed in a narrow band running from the upper left-hand corner 
to the lower right-hand corner of the diagram (see Part B, Exhibit 121). 

business problems, and it facilitates a judicious weighting of the observations. There 
are two ordinary lines of best fit or “regression lines,” one of y on x, and one of x 
on y. The dashed line in Exhibit 120 lies halfway between them. The ordinary 
least squares line of best fit (see pages 297 and 298 for computation method) when y 
(hours) is the dependent variable is the one which minimizes the sum of the squares of 
the vertical y (hour) deviations. Note that in Exhibit 126, page 259, the lines are 
generalized to read a; on 2 / as well as y on x* To give the best estimaftes of y from x, the 
lines should be so drawn as to minimize the sums of the squares of the ver- 
tical deviations. (See also footnote on page 259 for regression line formula.) 
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The use of the scatter diagram as a means of estimating the degree 
of correlation possesses the very desirable advantage that it is no more 
influenced by items of extreme size than by items of usual or average size. 
Some of the statistical methods of a mathematical nature, however, 
are decidedly influenced by extreme items. In fact, an item of extreme 
variation may have such influence as to give a mathematical expression 
of low association when there is really high association present and vice 
versa. 

The Correlation Table as a Means of Estimating Association. — 

If, instead of recording the positions of the paired x. and y values by 
means of a dot, the number of values falling within certain scale limits 


RELATION BETWEEN 
ACREAGE AND PRODUCTION 
OF WHEAT 

(data hypothetical) 

MILLIONS 
OF BU. 

100 I 


60 

60 

40 

20 

0 






t • 




• • 

• • • 
• t 

• 

• 



• 

• 

• 

/• 

• 



• 


• 





• 





• • 







0 2 4 6 6 10 

MILLIONS OF ACRES 


RELATION OF PRICE 
OF WHEAT TO SIZE 
OF CROP 

(data hypothetical) 

DOLLARS' 

PERBU. 


1 60 

• 

• 

• 

• •• 

• 



1.20 

30 


• 

• 

• •• 

• 

•• 




• : 
• • 


• 

>-• - 

40 

0 




• 






• 


0 20 40 60 60 I00| 

MILLIONS OF BUSHELS 


RELATION OF YIELD 
OF WHEAT PER ACRE 
TO POPULATION 

(data hypothetical) 

BU.PER' 

ACRE 
20 


■ 

■ 

■ 

■ 

■1 

■ 

■1 


m 

n 

■ 

IS 

m 

a 

H 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 


0 20 40 60 80 I00| 

MILLIONS OF PERSONS 


A. — High direct correlation. 
Exhibit 121. — Scatter 


B , — High inverse correlation, 
diagrams indicating type and 
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degree of correlation. 


were counted and recorded, we would have what is known as a correlation 
table. The choice of scales for the construction of this table is exactly 
the same as for the construction of the scatter diagram. Three correla- 
tion tables are presented in Exhibit 122. Part A shows a high degree of 
direct correlation; Part £ shows a high degree of inverse correlation; and 
Part C shows very low or no correlation. 

The interpretation of the correlation table is the same as the inter- 
pretation of the scatter diagram. It has an advantage to those who are 
numerically minded, in that it gives the number of cases within the 
selected class intervals. It has a disadvantage, as compared to the 
scatter diagram, in that it does not indicate accurately the position of 
the actual poinljip except as falling between certain limits. In fact, it is 
Qjecessary to assume that all the points indicated by the frequencies fall 
.the. intersection of the metma of the. class limits. 
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Correlation of Historical Curves. — If two historical curves are com- 
pared and it appears that one of the scries tends to move in a definite 
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of correlation in business. The charts shown in Exhibit 123 indicate 
how such curves appear when they are plotted as ordinary time curves. 
Part A shows high direct correlation, Part B shows a high degree of 
inverse correlation, and Part C shows very low or no correlation. Exhibit 
124 indicates a high degree of correlation in the major movements of 
building activity in seven sections of the United States. 

In making correlation analyses of historical curves, great care should 
be taken that instances of close correspondence, which do not represent 
actual correlation, be recognized. Spurious correlation is often found 
between two time series, and frequently it can be made very high by 
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Exhibit 123. — Historical curves indicating type and degree of correlation. 


wrongly introducing the element of time lag, particularly when the series 
are short. ^ 

Certain causes take effect on some series much more slowly than on 
others. In such instances it is necessary to correct for lag before attempt- 
ing to determine the degree of correlation. Another important correction 
that often must be made is that for price changes. These corrections will 
now be discussed.® 

Graphic Determination of Lag. — ^There are two commonly used 
graphic methods of determining the amount of lag, when it exists, between 


^ Se^ M- C. Rorty, Statistics and the Scientific Method/' Presidential Address, 
Ninety-second Annual Meeting, American Statistical Association, December 31, 1930, 
published in the Journal of the American Statietical Aeeodationf pp. 1-10, March 1931. 

’ Correction of time series for trend and seasonal variation in correlation analysis 
will be (iiscussed in Chap, XVI (pp. 341 and 342) after statistical methods of deter- 
imiung .^d eliminating lo^-time trend and seasonal variation have been explained. 
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two correlated time series. ■ One is by means of the scatter diagram; 
and one is by means of ordinary historical curves. 

To determine the amount of lag by the scatter diagram, it is necessary 
to construct scatter diagrams with the data paired with different lag. 
Thus, one might construet one diagram with no lag at all; that is, with 
the Januarys paired together, t'ebruarys paired together, etc. Another 
might be constructed with January of one series paired with February 
of the other, etc., which would be one month lag. Still other scatter 
diagrams might be constructed with two, three, four, etc., months lag. 
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Exhibit ’24. — Correlation of a group of time series. 

The scatter diagram which most closely groups the data along a straight 
line indicates the lag. Thus, in the three charts in PJxhibit 125, the data 
for one and three months lag are not so closely concentrated as the data 
for two months lag. Consequently, it is said that the series has a two 
months lag. With this method it is never possible to determine the 
exact amount of the lag closer than the time interval of the data. Thus, 
with monthly data, one month is the closest possible determination. 

To determine the amount of lag by means of ordinary historical curves, 
it is necessary first, to make the proper corrections as if for purposes of 
correlation only, and second, to plot the two curves (to the same horizon- 
tal scale) on two separate sheets of paper (translucent paper is preferred). 
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With the two curves on separate sheets of paper, they are held before a 
light sufficiently strong to make both curves appear fairly clear. Next, 
the curves are moved back and forth horizontally until the best fit is 
obtained and the amount of displacement on the x-scale is noted. The 
amount of this displacement is the amount of the lag. Thus, assuming 
that speculation moves ahead of general business, the monthly data 
representing the two series are plotted, and then the curves are shifted 
until they come closest to coinciding with each other. The amount of 
displacement is the lag. This method gives a somewhat more accurate 
estimate of lag than does the scatter diagram, since the lag can be esti- 
mated to the fraction of a month. Although neither method can be 
depended upon for precise measurement, especially where the degree of 
correlation is not high, both are . accurate enough for most practical 
business purposes. 
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A , — One month lag. B , — Two months lag. C. — Throe months lag. 

Exhibit 125. — Determining lag with scatter diagrams. 


Correcting for Price Changes in Correlating Time Series. — If two 
series are not affected in the same way by prices or changing monetary 
values, a correction must be made before correlating them or an incorrect 
idea of the correlation may be gained. Thus, suppose that the value of 
pig iron is correlated with the tonnage oS steel over a period of years, 
or that the volume of bank clearings .is correlated with the number of men 
employed. If the series containing the price elements are not corrected 
for changes in the value of the dollar, the apparent degree of correlation 
may be yery inaccurate. The customary method of correcting such 
series is to divide through by the proper index numbers of prices. Care 
should be exercised, however, to use the proper index. 

Estipating from a Scatter Diagram. — If a scatter diagram is con- 
structed for the purpose of ratimating the degree of association between 
two statistical series, it is possible to make a rough estimation of one 
of the Variables from a known value of the other, by a purely empirical 
process. The first step after constructing the scatter diagram is to draw, 
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as accurately as possible, a line of best fit. Part A , Exhibit 126, illustrates 
such a scatter diagram with a straight line of best fit drawn in free hand.^ 
To make an estimate from Part Ay Exhibit 126, suppose that the 
amount of bank debits in a given week is $30,000,000, and we desire to 
estimate the corresponding bank clearings. A line is drawn from $30,- 
000,000 on the x-scale (bank-debit scale) parallel to the ^-axis until it 


CLEARINGS 
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0l \ 1 1 
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A 


B 
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Kxhibit 126. — In Part A, estimation is easy throughout the range. In Parts B and C, 
it is very difficult in portions of the cyrves. (Data hypothetical.) 


intersects the line of best fit. Then a line is drawn horizontally from 
this point of intersection to the j^-scale (bank clearings). The desired 


‘ In order to estimate the magnitude of one variable from a known value of the 
other, the line of best fit may be determined mathematically by the computation of 
the *4ine of regression.*^ This line is the line of typical relationship of values of one 
variable (?/) upon values of the other variable (x). By computing the line of regres- 
sion, the probable or typical value of the one variable (y) can be read as the ordinate 
corresponding to the abscissa which represents the given value of the other variable 

W. 

The slope of the line of regression (when it refers to the relationship of two 
variables only and when the line of relationship is a straight line) may be computed 
by determining the regression coefficient (b) of the one variable upon the other (y 
upon x) by the formula 

, ay 

0 = r~ 

This formula gives the slope of the line of regression, and the procedure for the deter- 
mination of the points on the line is similar to the computation of the ordinates of 
trend in the method of least squares after the trend increment has been determined. 
The regression coefficient is applied to the average of the y-values in the same manner 
as the trend increment is applied in the computation of the line of trend. 

It is also possible to determine by formula a line of ** multiple” regression, which 
can be used to estimate an unknown variable that is dependent upon two or more 
known variables. This line shows the characteristic relationship between the two 
or more causal factors or variables, and the one result or dependent variable. For 
example, it might show the typical relationship between rainfall, sunshine, and tem- 
perature on the one hand, and the size of the cotton crop on the other* 
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estimate of the bank clearings is thus found to be 625,000,000. The 
value for any other estimate would be found in the same way. 

It is possible to estimate one of the variables from the other incases 
where the data do not approximate a straight line, although the accuracy 
of such an estimate is not always so satisfactory as where the relation is 
linear. 1 Thus, in the last Jwo examples given in Exhibit 126, it is difficult 
to estimate the y-variable from certain values of the a;-variable. In 
Chart B, the number of pieces change so rapidly during the first month 
that it is difficult to make an estimate during the period. In Chart C, 


COMPARISON OF RAILROAD AND MOTOR TRUCK 
FREIGHT COSTS IN RELATION TO DISTANCE 

(DATA FROM THE BOSTON NEWS BUREAU, NOVEMBER 8. 1921) 



MILES 


Exhibit 127. — Graphic comparison of correlations. 

yield is difficult to estimate between 60 and 70 degrees, and between 110 
and 120 degrees, because it (the yield) changes so rapidly. If, in this 
chart (Exhibit 126, Part C), one should wish to estimate the values of z 
from y (which is the reverse of the customary process as previously men- 
tioned) he would find two values for x, each of which, so far as the chart 
is concerned, is equally true. In both of the charts the dependent vari- 
able has been plotted along the ^/-axis.^ 

^ It is important that the ‘‘causal” or independent variable, if it is known, be 
plotted along the rr-axis. This has come to be the custom in making scatter diagrams. 
Estimation is not always feasible from the dependent or “effect” variable. 

* See footnote on p. 252. 
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Comparison of Correlations. — A practical example of graphic com- 
parison of correlations is presented in Exhibit 127, which shows the 
relation between cost and distance for both railroad and motor-truck 
freight. By referring to this chart, one sees that according to the sample 
there was a tendency for truck transportation to be cheaper than railroad 
freight transportation up to about 126 miles, but for greater distance/ 
railroad freight costs were the lower. 

I 

MATHEMATICAL MEASUREMENT OF CORRELATION 

The most common mathematical expression of the degree of correla- 
tion is known as the coefficient of correlation. It is customary to use the 
letter r as the designation of this coefficient. The common coefficients 
of correlation fluctuate between two numerical limits, +1 and —1. The 
limiting values, +1 and —1, represent perfect direct and perfect inverse 
(correlation, respectively. Zero represents complete absence of correla- 
tion; a value of r between zero and +1 indicates a degree of direct cor- 
relation, while a value between zero and —1 indicates a degree of 
inverse correlation. 

Many methods have been developed to give a mathematical expres- 
sion of the degree of association or correlation between two or more series 
of quantitative data. Only one of the most commonly used of these 
methods (the Pearsonian) will be discussed in this text. 

The Pearsonian Coefficient of Correlation. — If two statistical series, 
when plotted on a scatter diagram, tend to approximate a straight line^ 
then the most widely used mathematical method of measuring the degree 
of association or correlation between the series is what is known as the 
Pearsonian coefficient of correlation. 

The formula for computing Pearsonian r is: 

. _ , 

in which x and y are th(c deviations from the means while (Tx and (Fy are 
the standard deviations of the X- and F-series. N has the usual 
meaning.^ 

* A large number of formulas or transformations of this same formula have been 
proposed for expressing the calculation of the Pearsonian r, but the one given is the 
most common. Since 

<rx “ and Vr = 

the formula given above may be expressed 

^ or ^ - 

If the data are expressed in terms of their standard deviations, r becomes the 
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The steps in the calculation of r by this method may be summarized 
as follows: 

1. up the data in two columns, which we shall call X and Y (see Exhibit 128). 

2. ]^d the arithmetic mean of each column. 

3. Find. the differences of the individual items from the mean by subtracting the 
mean from the items, and enter these differences, with the proper sign, in two new 
columns headed x and y. 

4. Square the individual differences set up in each of the columns x and y and enter 
in two additional columns headed a;* and yK 

5. Multiply each pair of differences together (the items in columns x and y found 
in Step 3), and enter in column xy.. Then find the total, taking the signs into con- 
sideration. (This total, 1,156 in Exhibit 128, is the numerator of the formula.) 

6. Divide the total of the x* column (496) by the number of items (11) and extract 
the square root (6.7) to get the standard deviation of X. Then repeat the process 
with the y* column to get the standard deviation of Y (19.1). 

7. Multiply together the number of items (11), the standard deviation of X (6.7), 
and the standard deviation of Y (19.1). (This is the denominator of the formula.) 

8. Divide the total obtained in Step 5 (1,156) by the product obtained in Step 7 
(1,407.6). The answer (.82) is the coefficient of correlation. 


Probable Error of the Coefficient of Correlation. — Coefficients of 
correlation are ordinarily computed from samples. The above coefficient, 
for instance, was computed from a sample time period of 11 years (Exhibit 
128). When a sample is used as the basis for statistical analysis, it is 
important from an interpretative point of view to inquire into the degree 
of reliability which may be present in the results. As pointed out in the 
preceding chapter, the reliability insofar as it depends on the conditions 
of random sampling can be determined by computing the probable error. 
The probable error of the coefficient of congelation is computed by the 
formula: 


P.E. 



in which r is the coefficient of correlation and n is the number of pairs of 
items. 


Carrying out the computation of the probable error, assuming a 
coefficient of correlation of ,90 computed from a sample of 25 pairs of 
items we have: 


P.E.r = .674 



or .03. 


, average product of such deviations, or 


X* and y^ being the deviations of the respective variables from their means reduced to 
terms of their standard deviations. 

Any advanced textbook on statistical methods will give other formulas, and other 
w^ys of, expressing th^ above formulas. 
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According to the foregoing computation, therefore, there is a 50:50 chance 
that the value of r is located within ± .03 from the true correlation coeffi- 
cient for the universe. A complete statement of this coefficient of 
correlation (with its -probable error), then, would be .90 ±.03. 


Year 

Number of 
building 
permits 
(thousands) 

X 

. 

Value of 
building 
permits 
(millions 
of dollars) 

y 

Deviar 
tions 
from 
mean of 
numbers 

X 

Devia- 
tions 
from 
mean of 
values 

y 

Devia- 
tions 
from 
mean of 
numbers 
squared 

Devia- 
tions 
from 
mean of 
values 
squared 

y^ 

Deviations 

multiplied 

together 

xy 

1927 

21 

41 


-23 

100 

529 

+230 

1928 

18 

34 

-13 

-30 

169 

900 

+390 

1929 

23 

38 

- 8 

-26 

64 

676 

+208 


34 

67 

+ 3 

4- 3 

9 

9 

+ 9 

1931 

36 

68 

+ 5 

+ 4 

25 

16 

+ 20 

1932 

38 

84 

+ 7 

+20 

49 

400 

+ 140 

1933 

38 

76 

+ 7 

+12 

49 

144 

+ 84 

1934 

36 

72 

+ 5 

+ 8 

25 

64 

+ 40 

1935 

32 

99 

+ 1 

+35 

1 

1,225 

+ 35 

1936 

33 

67 

+ 2 

+ 3 

4 

9 

+ 6 

1937 

32 

58 

+ 1 

- 6 

1 

36 

- 6 

Total 

341 




496 

4,008 

1,156 

Average 

31 

64 


i 

1 





ffx 


J496 

y 11 


or 6.7 o’y 


.v/4,008 

V 11 


or 19.1 


Then, since Tixy = 1,156, N = 11, ax = 6.7, and ay = 19.1, substituting in the 
formula, 

- 


we have 


Naxay 

1,166 


.82 


' . 11 • 6.7 • 19.1 

Exhibit 128. — Calculation of the Pearsonian coefficient of correlation. 


The measures of probable error can be properly used, however, only 
when the three following conditions exist: (1) The whole of the data must 
approximate a normal frequency curve (bell-shaped curve). (2) The 
statistical measure for which the probable error is computed must have 
been calculated from a sample. (3) The sample must have been selected 
in an unbiased manner^ and the individual items must be independent. 
Since these conditions are seldom even approximated in busin^.ss data, 
especially in time series, and since the significance, if any, of probable 
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error computed from time series is not well understood,^ the degree of 
reliability of a statistical result or coefficient in most business data must 
be determined largely, if not ^threly, on the basis of exterida^ tests of 
reasonableness which are often of a non-statistical character.^ 

Interpretation of the Coefficient of Correlation. — General rules for 
interpreting the size ofc the coefficient of correlation are more Or' less 
arbitrary, but are of considerable aid to the beginning analyst. For 
general work the following are suggested (it being understood that the 
coefficient to be reliable must be at least 6 P.E., in all instances and that 
the results of other tests are satisfactory) : 

1. If the coefficient is (i;reater than .95, there is a high degree of correlation between 
the variables and one of them may be quite accurately estimated from a known value 
of the other. ‘ 

2. If the coefficient is greater than :75, but less than .85, there is a decided amount 
of association between the two series, and one of the variables may be estimated fairly 
well from a known value of the other. 

3. If the coefficient is greater than .40, but less than .60, there may be a fair degree 
of association between the two series, but any estimate of one variable from a known 
value of the other would ordinarily be of but little practical value. 

4. If idle coefficient is less than .35, there is but little association present between 
the two series, and one of the series cannot be u^d as the basis for estimating the 
value of. the other. 

These general rules, of course, are arbitrary, and for this reason gaps 
were left between the general zones. 

In interpreting the coefficient of correlation, with regard to the extent 
to which the coefficient is subject to the variations of a chance character, 
the usual statistical practice requires that the size of the coefficient shall 
be at least six times as large as the probable error. 

There are two conditions frequently found in correlation problems 
which may naoreor less destroy the usefulness of the Pearsoniah coefficient 
mentioned above. They are: (1) the data may differ materially from a 
straight line distribution on the scatter diagram; and (2) items of extreme 
deviation from the main data may unduly influence the coefficient. If a 
Pearsonian coefficient of correlation is computed for a series such as that 
shown in Part J?,* Exhibit 118, a very low coefficient will be. obtained, 
wH%eas the correlation is, in fact, very high. 

iCui^plet and Partial Correlation. — Mathematical methods for comt- 
multiple and partial correlation and other devices used in estimat- 
i2)#>cmrrelatk)h^hreTi^ valuable to the professional statistician^ 

^See,.W%fT^ M. Pejsqp9,^'^Sopie Fundamental Concepts, of .Statistics," . Jourmd. 
of the American: StfliiHied AaetHMion, 4^, Mf^rcb 1024, Presidential Address,.- 
ill^hty-ffith Annual 'Meetix^ of the American Statistical Assoi^tion* 

Edmund % Pay, .."Stotistical Analyns,". 378-681, The MaomiUaa. 
CompaBy, New York) 1085. i 
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Those who wish to pursue such study further will find the subjects dis- 
cussed in the more mathematical or advanced texts on technical methods. *■ 
Special Corrections in the Mathematical Correlation of Time Series. — ^ 
Before time series are correlated mathematically, it is often necessary 
to make several special adjustments or corrections. Four of the more 
important types are: (1) trend; (2) seasonal variation; (3) price changes; 
and (4) lag. The customary method of allowing for trends is to reduce 
the series to terms of deviations from their trends. The type of trend, 
however, should be carefully selected, and only that trend should be 
used which is the most representative. Difftjrences in types of trends 
in the different serit^s (straight lines, curves, etc.) do not have an impor- 
tant bearing on the calculation of the coefficient of (sorrelation. As in 
the case of the trend, any satisfactory method of calculating the seasonal 
variation is acceptable for correlation purposes. These corrections will 
be discussed again in Chapter XVI, after trends and seasonal variation 
have been studied in some detail. The customary w’^ay of correcting the 
pncc changes (or changing monetary values) is to divide by the proper 
index number of pri(^es. When the effects of a common cause do not occur 
at the same time, the (correlation should be determined after allowing 
for the proper hig. The determination of lag may be facilitated by the use 
of the coefficient of correlation. Since the corrections for price and lag 
have been considered previously in the graphic correlation of time series, 
it will not be necessary to consider them in detail at this point. 

Determination of Lag by Coefficient of Correlation. — It has been 
shown how an approximation of the amount of lag between two statistical 
series may be made by means of the scatter diagram, and, also, how a 
somewhat closer estimate may be made by horizontal adjustment of the 
curves when plotted on separate sheets of paper and held up to the light. 
A more precise measurement of the amount of lag may be made through 
the use of the coefficient of correlation. The method is simple and is 
applied as follows: 


* Excellent discussions of mathematical (jorrelation will be found in F. C. Mills, 
Statistical Methods,” Henry Holt & Company, New York, 1924 and 1938; E. E. Day, 
^^Statistical Analysis,” The Macmillan Company, New York, 1925; R. E. Chadd^k, 
Principles arid Methods of Statistics,” Houghton Mifflin Company, New 
1925j W. L. Crum and A. C. Patton, ‘‘Economic Statistics,” McGraw-lfill 
Company, Inc., New York, 1925; G. U. Yule, ‘‘An Introduction to the Theory 
Statistics,” Charles Griffin find Company, Ltd., London, 1924; Moxdecai Egektj^r 
‘‘Methods of Correlation Analysis,” John Wiley & Sons, Inc., New York, 1980; 
George R. Davies and Walter F. Crowder, ‘‘ Methods of Statistical Analysis,*' "John 
Wiley ft Sons, Inc.; New York, 1933; Frederick E. Croxton and Dudley J. Cowden. 
‘‘Practical Business Statistics,” Prentice-Hall, Inc., New York, '1934; and George R. 
Davies and Dale Yoder, ‘‘Business Statistics,” John Wiley ft'Sotis, Inc., New York, 
1987. - 
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1. Calculate coefficients of correlation with different pairings of the data. Thus, 
for the first calculation the months would be paired without any lag; a second calcula- 
tion with one month lag; a third with two months lag, etc. The number of coefficients 
necessary may usually be determined from an estimate of the lag by one of the methods 
suggested above. 

2. Plot the coefficients obtained from Step 1 on arithmetic coordinate paper and 
draw a smooth curve through them (see Exhibit 129). (For very precise work the 
curved line is fitted mathematically.) 

3. Determine the point on the smoothed curve which is highest. (See on the 
curve in Exhibit 129.) This indicates the amount of lag; that is, when this amount of 
lag is allowed for, the correlation will be greatest.' 

Limitations Must Be Appreciated in the Analysis of Associated or 
Correlated Characteristics. — In the practical application of these methods 


size 



EbEHiBiT 129. — Graphic determination of the amount of lag from a smoothed curve fitted 

to coefficients of correlation. 

for analyzing associated or correlated characteristics, it is exceedingly 
important that due care be taken to observe their limitations.^ While 


' For very accurate work one would take the first derivative of the equation of 
the fitted curve, equate it to zero and solve for x. 

* “The dangers that lie in undue reliance upon coefficients of correlation, the 
ham^onic analysis, and other forms of rigid mathematical treatment of complex 
statistical data can hardly be overestimated. 1 am inclined, in fact, to believe it 
should be a matter of fundamental principle for all statistical conclusions to be reached 
primarily through logical and experimental processes, supplemented by a very simple 
numerical and graphical analysis. The more elaborate mathematical treatment 
should then be applied, if necessary, as a check and verification of the results that have 
been arrived at by these, other means." From M. C. Rorty, “Statistics and the 
Scientific Method," Presidential Address, Ninety-second Annual Meeting, American 
Statistical Association, December 31, 1930, published in the Journal of the American 
Statietiedl Aasoeiationf pp. 1~10, March 1931. 
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ordinary static series, or geographic series not involving a consideration 
of time, may ordinarily be analyzed satisfactorily, the methods herein 
described must be applied with care in purely time series. Constant 
changes in business make it dangerous to go back very far in time to 
prove anything about today. Quantitative methods do not possess that 
discriminatory power which enables them to judge between good and 
bad figures, between applicable and non-applicable facts, or between 
cause and effect. Accordingly, they often give peculiar results; in every 
case they should be checked by other methods not subject to the same 
type of error. It is not final to check one statistical method by another; 
both are quantitative and both are subject to similar limitations. In 
no part of statistical analysis is this caution more important than in the 
analysis of associated characteristics or correlation. 

Questions and Problems 

1. What is meant by correlation? 

2. State two methods of comparing variables, and explain how each method can 
be presented graphically. 

3. When is correlation direct? When is it inverse f 

4. Describe linear correlation. When is correlation curvilinear? Which is the 
more common, and which is usually assumed in elementary statistical work? 

6. How many series of variables can be measured as to their correlation? 

6. What is ‘‘simple” correlation? What is “multiple” correlation? What is 
“partial” correlation? 

7. What are three processes or ways in which correlation may be studied? 

8, In what way are variables studied in logical analysis of associated character- 
istics? 

9, Explain how causes may act on the variables studied, naming at least four 
ways. 

10. For what two uses should logical analysis always be employed? 

11. How are charts and tables used in studying correlation? What is a scatter 
diagram? How is it made? What docs it show? 

12. In fitting a “line of best fit” to data on a scatter diagram, what direction or 
angle should the line take in relation to the base line? How is the presence or absence 
of correlation determined after the line of best fit has been drawn ? What relation- 
ship or ratio should exist between the values on the two scales in order to obtain the 
proper angle for the line of best fit? 

13. Describe the construction of the correlation tabic. Does its purpose* differ 
from that of the scatter diagram? 

14. How is the direction and degree of correlation determined from correlation 
charts upon which historical data have been plotted? 

16. In correlating historical (time-series) data, what influences may operate to 
indicate spurious correlation? 

16. How can the approximate period of lag of one scries in relation to another be 
determined? 

17. When should corrections be made for price influences before correlating time 
series? How may they be made? 

18. Describe how and when the estimation of the value of one variable can be 
made from a known value of another variable by use of the scatter diagram. 
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19 . What is meant by the '^coefficient of correlation 

20. State the steps in the computation of the Pearsonian coefficient of correlation. 

21 . What is meant by "probable error" of the coefficient of correlation? How is 
this probable error computed? 

22 . Before undertaking the mathematical measurement of correlation, what four 
important adjustments or corrections does one often find necessary? 

28 . Describe the method of determining the amount of lag by the use of coefficients 
of correlation. 

24 . What are some of the limitations of quantitative methods of measuring or 
analyzing associated or correlated characteristics? 

26 . Deternune by means of a scatter diagram (see Exhibit 121) the type and 
degree of correlation between the bank debits of Blank City and the sales of ABC 
Department Store (data in thousands of dollars) : 


Month 

1936 

1937 

Bank debits 

Sales 

Bank debits 

Sales 

January 

28 

1.8 

35 

2.3 

February 

23 

1.6 

31 

2.1 

March 

32 

2.2 

41 

2.8 

April 

40 

3.1 

62 

4.2 

May 

43 

2.8 

53 

3.6 

June 

31 

2.0 

41 

3.0 

July 

25 

1.6 

32 

2.2 

August 

29 

1.9 

41 

2.8 

September 

44 

2.9 

50 

3.4 

October 

51 

3.4 

62 

4.2 

November 

47 

3.2 

61 

4.1 

December 

64 

4.3 

96 

5.9 



26 . Present the data given in Problem 25 in the form of a correlation table (see 
Exhibit 122). 

27 . The height and weight of 10 men picked at random from a crowd were found 
to be as follows: 


Man 

Height 
(in inches) 

Weight 
(in pounds) 

1 

68 

140 

2 

69 

180 

3 

65 

165 

4 

70 

190 

5 

71 

170 

6 

73 

195 

7 

67 

145 

8 

66 

140 

9 

62 

155 

10 

69 

180 
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By the Pearsonian coefficient of correlation determine the relationship between 
the height and weight of men in the particular crowd. 

28 . Plot the following series on arithmetic and logarithmic charts, analyze, and 
write a report on the ‘^correlation” between the movements of the series: 


Value of Annual Production 
(In millions of dollars) 



Wheat 

Cotton 

Bituminous coal 

Automobiles 

. 1920 

1,540 

1,069 

2,130 

1,809 

1921 

843 

676 

1,200 

1,092 

1922 

818 

1,116 

1,275 

1,562 

1923 

703 

i 1,454 

1,515 

2,275 

1924 

1,050 

1,561 

1,063 

2,041 

192.5 

961 1 

i 1,577 

1,060 

2,545 

1926 

1,013 i 

1,121 

1,183 , 

2,746 

1927 

1,042 i 

1,308 1 

1,030 

2,266 

1928 

912 

1,302 

934 

2,704 

1929 

853 

1,245 

953 

2,981 

1930 

595 

659 

795 

1,721 

1931 

366 

484 

589 

1,154 

1932 

289 

424 

407 

651 

1933 

410 

664 

446 

795 

1934 

446 

596 

628 

1,204 

1935 

521 

590 

658 

1,789 

1936* 

643 

764 

768 

2,092 


* Preliminary. 

Source: Statistical Abstract of the United States. 
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TIME SERIES IN BUSINESS 

One of the chief problems in modern business is that of estimating 
what the future changes in business conditions will be. This makes it 
necessary to analyze data over a period of time. If the data are merely 
descriptive of a situation at a certain time, the methods described in the 
preceding discussions of frequency distributions, averages, and dispersions 
may be all thft are necessary in making an analysis. But, if the data 
represent changes that are taking place over a period of time, it is neces- 
sary to use special methods which will describe change or progress as well 
as describe a static situation, gata r epresenting change over a periqd.of 
time aig.^own-es.tipic and it is the bbject'of the next few chapters 
to describe the specialized methods that are necessary in time-series 
analysis. t 

Importance of Time-series Analysis. — The importance of time-series 
analysis can be best appreciated by considering a few examples of the 
difficulties encoimtered when proper analyses have not been made of busi- 
ness conditions. These examples are taken from several different periods 
during the past fifty 

The early 1890’s, for the most part, was a period of great prosperity 
in the United States. The National Cordage Company, for instance, 
considered its business so good that early in 1893 it declared a stock 
dividend of 100 per cent. Three months later its stock had fallen from 
$147.00 per share to the equivalent of $14.00 per share on the old basis, and 
it went into the hands of receivers. In the' early 1890’s the Reading 
Railroad overexpanded its lines into nW territory, engaged in a bitter 
^ht with a competing capital group, and ventured beyond its depth in 
undertaking the sale of coal. This was followed by strained financial 
conditions, the collapse of a coal combination, and the receivership of the 
Reading Railroad. In 1892 railroad earnings were consider^, on the 
whole, to be favorable, but during the second half of 1893 such unportant 
lines as Erie, Lake Shore, Northern Parific', Union: PMifio, and Santa Fe 
passed into. the hands of receivers. Why do such changes take place? 

Busmess was again prosperous in the early 1900's and, ex^pting a 
bri^ intaruption in 19(3, continued to boom into .IQOSi*' But 1907 
witnessed the failures of many indvistrial concerns, including the Pope 
JMaaufacturing Company, which had recently switched fnm making 

'■'SrtO .. • •: 
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bicycles to making automobiles. Later in the year, the Knickerbocker 
Trust Company, with $1,200,000 in capital and $48,387,000 in deposits, 
closed its doors. This action was followed by a large number of failures 
among banks and trust companies. Why are times of general prosperity 
followed by periods in which so many concerns fail or find great difficulty 
in remaining in business? 

Additional illustrations are furnished by the experiences of the Good- 
year Tire and Rubber Company, Ford Motor Company, General Motors 
Corporation, and the silk industry during the general depression of 1921^ 
and by the stock market slump of 1929 and the depressions oTThe 1930's7" 

The Goodyear Tire and Rubber Company was incorporated in 1898 
and became the largest manufacturer of rubber tires in the world. From 
the time of its incorporation until the middle of 1920, the company's 
operations were extremely successful. In 1919 the company had a 
surplus of more than $30,000,000. This was changed to a deficit of more 
than $15,000,000 by the end of 1920, and the president was ousted by the 
company's creditors from control of the mammoth organization which 
he had built up. What is the explanation? The immediate explanation 
is that the Goodyear Company had recklessly expanded its fixed invest- 
ment at high costs, and that it had a large merchandise inventory which 
had been accumulated at^ high prices. This made it necessary to write 
off many millions when prices dropped. But why did this company 
and many others expand fixed investment and accumulate high-priced 
inventories, and why were prices high, and why did they fall? 

Though more cars were sold in 1920 than in any previous year, all of 
Ford's factories closed at the end of December and remained closed for 
several weeks. Ford owed the government $55,000,000 in taxes. Notes 
for nearly $30,000,000 originally issued to buy out his minority partners 
would be due in a few weeks. He had only $23,000,000 in cash and 
treasury bonds. Unsold cars were piled high in the factory and were 
choking salesrooms throughout the country. The public was not buying 
automobiles. Why were Ford's factories and salesrooms piled high with 
unsold cars, and why did the public stop buying cars of any kind?^ 


^ Henry Ford has always been opposed to extensive borrowing from banks, and 
desires to have complete ownership and control of his organization. Due to his 
buying out his minority stockholders in 1919 and his unusual expansion policies, 
however, he was in desperate need, late in 1920, of $75,000,000. It is reported that 
one New York banker went so far as to pay Mr. Ford a special visit in order to suggest 
to him who the treasurer of his refinanced organization should be. In this case, 
however, Mr. Ford was able to shift the burden to his dealers. He shipped automo- 
biles to 17,000 willing aiid unwilling dealers who had to pay if they were to hold their 
agencies. In this way he converted a frozen inventory into $69,000,000 cash by April. 
(Data from Boston News Burectil, July 14, 1921.) ’ ; 
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In 1920 and 1921 the General Motors Corporation underwent severe 
financial losses. ^^The reduction of the surplus materials purchased at 
high prices, and of inventory and other commitments made prior to 
December 1920, resulted in a total liquidation loss of $84,869,893.”^ In 
1921 a new management was placed in control of the organization. 
Again the question arises — ^why did this company, as well as many others, 
overexpand their inventories, and why were prices abnormally high? 

In the silk industry wholesale prices increased very rapidly from 
February 1919 to February 1920. Wholesalers and retailers talked of 
the great demand for silk and the supposed great shortage of raw goods in 
the country. Those in the silk industry ^'honestly believed that there 
was a lack of raw silk, and that prices would continue to rise. The extent 
of the accumulation of speculative stocks was not realized in the trade. 
It was not until insurance companies discovered that the amount of silk 
which they had collectively insured was beyond their insurance limits 
that any one understood that there was really an excess supply of silk in 
storage. Reacting to this news, all prices of silk dropped at once, and 
manufacturers, wholesalers, and retailers found themselves with huge 
inventories to liquidate. Manufacturers and wholesalers suffered from a 
general cancellation of orders, which still further added to their difficul- 
ties.”* Why is it possible for such a situation to develop? 

The stock-market boom which reached its height in 1929 was the 
greatest boom of its kind in history. In approximately six years, th(? 
Dow Jones daily averages of prices of 30 industrial stocks rose from a low 
of $85.80 (October 29, 1923) to a high of $386.10 (September 3, 1929). 
The enormous profits made from the increase in prices led to an unprec;- 
edented demand for stocks. Great volumes of marginal purchases 
were made by those who had never bought stocks before. Prices were 
paid for stocks on which the dividends could not reasonably be large 
enough to net the ” investor” as much as 3 per cent upon his ” invest- 
ment.” (Good bonds could be bought to yield 4 and 5 per cent.) Then 
in less than two and one-half months (from September 3 to November 13) 
the average dropped from a high of $386.10 to $195.35 and thousands of 
speculators were ruined. Why did people believe that the upward 
tendency in stock prices would continue indefinitely? Could they have 
determined' the actual situation accurately? After the abrupt decline 
from September 3 to November 13, 1929, a less steep downward tendency 
continued to July 11, 1932, when tnqDow Jones averages reached a low 

^ Annual Report to the Stockholders, 1922, p. 4. 

Business Cycles and Unemployment.” By a Committee of the President’s 
Conference on Unemployment, published by United States Department of Com- 
{ ^erce, Washington, and McGraw-Hill Book Company, Inc., New York, 1923. 
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point of 340.56. Then there was an irregular rise to $195.59 on March 10, 
1937. This was followed by a rather rapid erratic decline reaching $98.00 
on March 31, 1938. 

The chief reasons that the foregoing difficulties arose are lack of 
information and wrong information regarding the true state of develop- 
ments over the periods involved. By using skillful statistical analyses, 
many firms are now not only escaping the effects of these difficulties, 
but are actually taking advantage of such situations. The General 
Motors Corporation, for instance, whose difficulties in 1920 and 1921 are 
mentioned on the preceding page, has since developed an extensive system 
of basing its policies on careful technical analyses of business conditions, 
and it came through the depression of the early 1930’s with a net profit for 
every year.^ Many investors took advantage of the stock-market rises 
and falls just mentioned, selling in 1929 when prices were high, buying in 
1932 and 1933 after the decline, and selling again early in 1937. 

Use of Statistics in Analyzing Business Changes. — In analyzing the 
changes and developments in business from time to time, the business 
man has three direct questions that time-series methods must attempt to 
answer: First, what factors caused business in the past to develop as it did? 
Second, what causal factors are operating now? Third, what significance 
has the present combination of causal factors in relation to the future? 

The primary purposes of time-series analysis are indicated by the 
three questions above. Through logical analysis or by direct observa- 
tion, we may arrive at the conclusion that certain elements in past 
situations have been responsible for the developments which occurred, 
but it is only by statistical methods that we can measure quantitatively 
the real importance of the various factors. If current operating causes ^ 
can be recognized and evaluated in the light of their significance in the 
past, it is then possible to estimate the future on a more systematic basis. 

Obviously, prediction of the future is the aim of every business execu-^ 
tive. To buy on a rising market, and to sell before a decline; to stock 
heavily enough for a good year, and to buy carefully for a poor one; 
to build at low prices; to borrow at low money rates; to extend credit when 
safe, and to refuse it at other times; to expand or reduce the personnel 
at the right time; to advertise when the business is available; and to 
expand when growth is justified and permanent — these mean prosperity 
and profit. To guess wrongly means loss or failure. Simple statistics 
cannot answer all these questions, to be sure; but proper analysis of 
available data, combined with sound interpretation and good business 
judgment, will provide an extremely valuable guide. 


‘See Twenty-ainth Annual Report of General; Motors Corporation, year ended 
December 31, 1937. 
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Multiplicity of Causes Affecting Business Development.— The prac- 
tical business man is interested in the almost infinite number of factors 
which may affect his enterprise. The political situation has its bearing 
through the possibilities of regulation, taxation, tariff changes, war, 
development policies, and the like; natural physical circumstances, such 
as weather and crop conditions, are undeniably important; intellectual 
progress, with its new inventions and discoveries, must be considered; 
while popular psychology, manifested through willingness or unwilling- 
ness to do business with faith in the outcome, exercises a marked effect. 
From this maze of influences, which are often contradictory, the business 
man must derive his conclusions as to the probable course of business 
during the coming months or years. 

It is apparent that the fluctuations of business activity and prosperity 
are not mathematical totals which vary on a regular schedule but are the 
net resultants of many factors, some of which are tending in one way and 
some in another. '' Bearish sentiment based upon large inventories 
and declining prices may be offset by the stimulating effects of favorable 
credit conditions, improving foreign markets, and steady consumption of 
goods. Since the beginning of the present century, interest has greatly 
increased in efforts to measure and analyze these factors. 

Causal Elements Do Not Operate Uniformly. — Every type of business 
is responsive in some degree to general business conditions. However, 
not all industries will react in the same manner to the same stimuli; some 
will even run counter to the general trend. The invention of a new 
electric storage battery, which would make electric automobiles much 
superior to the gasoline type, would boom certain parts of the automobile 
industry, but tend to depress the petroleum industry. There are all 
l^ds of variations and degrees of responsiveness to a given situation; 
and it is imperative that the relationship of general business conditions 
to every type of business venture be analyzed for that type specifically. 
A given business may prosper in response to causes that may be harmful 
to other businesses. 

Of equal significance is the fact that no two communities are composed 
of exactly the same economic constituents, and hence may not always be 
expected to flourish or slump simultaneously. In 1925, Florida was 
booming, while Iowa was depressed. Obviously, these communities 
were reacting to the economic forces that dominated them at the time, 
with unmistakably diverse results. Undoubtedly the two areas felt 
many influences in common, but the intensity of the conflicting factors 
and their relative importance varied considerably, as the outcome 
indicates. 

is true of different industries . and of different geographical 
is even more significant as regards individual enterprises. In addi- 



TIME SERIES IN BUSINESS 

tion to these external economic factors there are the influences of the 
various internal conditions of the individual business. 

Business Characterheed by Tendency to Increase though Growth Is 
Irregular. — It is apparent to every student of business that most lines 
of commercial and industrial activity show gradually increasing volumes 
^ the years go by — a fact associated with population increases, widening 
markets, higher standards of living, new inventions and processes, and 
many other developments. Not all of the causes of general economic 
growth are operating at once or in the same direction, but their great 
number results in a net tendency toward maintained progress, which 
varies but little in its rate-of-growth tendencies for years at a time. 

Though the tendency to grow seems to prevail unceasingly, there are 
also times, as has been pointed out, when business is better or worse than 
at other times. In 1908, 1914, 1921, 1932, and 1938, conditions 
were depressed; many concerns became bankrupt, production slumped, 
men were out of work, and the standard of living was temporarily lowered. 
The opposite condition characterized 1907 (early part), 1910 (early part), 
1916, 1920, 1923, 1925, 1926, 1929 (early part) and to a certain extent the 
first half of 1937, which were times of relatively vigorous business activity. 
These frequent periods of boom and depression are probably more impor- 
tant to the business man than the tendency to grow over a long period 
of time, because their effects upon his enterprise are more sudden and 
severe. The factors causing these fluctuations are probably as numerous 
as those responsible for general growth, and appear in various combina- 
tions from time to time, so that the problem of anticipating these irregu- 
larities in business development is difficult. 

Four Distinct Movements in Time Series. — ^Although different indus- 
tries and different communities do not always show the same business 
tendencies at the same time, their fluctuations have characteristics 
similar enough to warrant the use of fairly generalized methods of statis- 
tical approach. In most business time series, it is possible to distinguish 
four well-defined movements. These are: 

1. Basic or long-time trend. 

2. Seasonal variation. 

3. Business cycles. 

4. Erratic fluctuations. 

These are of primary importance in statistical work, because they con- 
stitute a basis for both explanation of the past and prediction of the 
future. The major tendency of each type of movement is due largely to 
the group of causal factors which creates the movement. Isolation 
of the rqsujts (according to the four movements listed above) is. thb 
first step toward explaining the effects and importance of the caus^ 
factozf. 
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Basic or Long-time Trend. — ^Although most economic time series 
fluctuate noticeably from month to month, and even from year to year, 
inspection of their movements over a period of several years commonly 
discloses a definite and regular basic tendency toward increase or decrease. 
For example, the expansions of successful business enterprises ordinarily 
have smooth and regular basic trends, which go on despite temporary 
vicissitudes in business activity. Ordinarily in a community there will 
be a gradual growth in population. Or there may be a gradual increase 
in industrial output due to improved methods. Or there may be a 
gradual increase in the production of automobiles and a gradual decrease 
in the production of carriages. Bdsic or long-time trend^ may, therefore, 
be de fined as the underlying tendency to grow or decline over a period of 
yearsi it is the movement the series would have taken had no seasonal, 
cyclical, or erratic factors existed. 

Exhibit 130 illustrates the nature of basic trends. Were it not for 
the disturbing factors previously mentioned (seasonal variation, business 
cycles, and erratic influences), the sales data of the American Mercantile 
Company would have followed the straight trend line (Part A), which 
indicates the prevailing tendency of growth. The trend in this series 
fs an ** arithmetic straigh t line/^ indicating that the ye arly increas e tends 
to be a cons tant amount.. 

All basic trends are not of the same nature. Sometimes the pre- 
dominating tendency will be a constant amount of growth (which would 
be shown by a straight line on an arithmetic scale); sometimes it will be a 
constant percentage increase (which is shown by a straight line on a 
semi-logarithmic chart); sometimes the characteristic tendency is best 
represented by the “logistic’’ or “S” curve; and sometimes it is a com- 
bination of types or a special irregular curve. Examples of these trends 
are presented in Chapter XIV. 

Properly recognizing and accurately measuring basic trends is one 
of the most important problems in time-series analysis. Trend values 
are used as the base from which the other three movements are measured, 
and inaccuracy may vitiate the entire work. 'Fortunately, the causal 
elements controlling trend growth are relatively stable; trends do not 
commonly change their nature quickly and withput warning. It is, 
therefore, usually reasonable to assume that a representative trend, which 
has characterized the data for a past period, is prevailing at present, and 
that it may be projected into the future for a year or so. It should 
be appreciated, however, that such projections should be sup- 
ported by a . cross-section analysis of the current as 

errors have been made in maiding these 

“secular tiend’^ is al^ ■ 
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in the case of the straight geometric increase or compound interest 


GROS3 SALES-AMERICAN MERCANTILE COMPANY 
1917-1930 


THOUSANDS 
or DOLLARS 


A.-ACTUAL DATA WITH BASIC TREND 


Ifl 


sair*— ™ 


1917 1918 1919 1920 1921 1922 1923 1924 1925 1926 1927 1926 1929 1930 
THOUSANDS 
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C.-BUSINESS CYCLES (INCLUDING ERRATIC MOVEMENTS) 


Exhibit 130 . — Busic trend, seasonal variation, and business cycles (including erratic 
movements). {Data adapted.) 


Seasonal Variation. — E xami nation of Exhibit 130 will reveal a second 
well-delSned movement in the series, with its Christmas peaks and sum- 
mer slumps. That is, for instance, it can be seen from Part A, Ehcbibit 
130, that on the average December is high and August is low. A matbc!- 
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matical determination of this average tendency of the different months 
of the year to vary from a straight-line trend is shown by the heavy curve 
in Part B (Exhibit 130). Other series will show various types of these 
short-range fluctuations, each of which is repeated each year. These 
fluctuations are known as seasonal variationSf taking their name from the 
fact that they are reflections of temperature influences, popular trading 
habits, and other factors which operate in similar fashion in the same 
season of each year. Sales of ice are heavy in the summer, and decline 
in importance in the winter; retail clothing stores may be extremely 
busy during the weeks preceding Christmas and Easter, and may have 
slack periods at certain other times; and so on. This seasonal movement 
may vary in the same series in its quantitative extent; thus, a year in 
which the total volume of activity is large may show a much greater 
difference between busy times and slack times than would a year when 
little business is done. 

It is customary to measure seasonal variation as a percentage of the 
trend rather than in absolute quantities, a method which conforms reason- 
ably closely to the need. The se asonal ^ index for any month (week, 
quarter, etc.) may be defined as the ratio of the normally expected month 
(excluding the business cycle and erratic movements) to the corresponding 
t rend value ; thus, a January seasonal of 110 means that a normal January ^ 
is 10 per cent greater in volume than the trend^ at that point would 
indicate. 

The seasonal index is merely a set of percentages, indicating that the 
various months (or weeks, quarters, etc.) of the year are, respectively, 
greater or less than the corresponding trend points in a normal year. 
They are usually determined by measures of actual occurrence over a 
certain period, under the apparently well-justified assumption that any 
well-defined seasonal tendencies are relatively stable over periods of years. 
If an average January for the period 1930-1939 approximated 110 per 
cent of its trend ordinate, it is likely that the same figure would be 
usable in 1940. 

Meaning of “Normal” in Business Statistics. — Business is often 
/sani to be “about normal,” or above or below “normal.” When so used 
’'the term “normal” is generally recognized to mean a level of activity 
which is characteristic of (1) the degree of business progress attained at 
the time, and (2) the season of the year. In other words, if there were no 
changes except those due to basic trend and seasonal variation, the 
situation would always be “normal” (see heavy curve of Part B, Exhibit 
130). If, for instance, crops fail, if monetary problems cause a panic, or 


series in which the trend change is hegligiUe, or from which trend has b^eri 
removed, -the seasonal index will-kidicate also the relative importance^qf the* months. 
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if there is an overproduction of commodities, the normal course of events 
is interrupted, and business activity departs from normal levels. 

Economic society has never been so well ordered that business activity 
could long proceed at a normal pace. Even factors ordinarily extremely 
steady by nature may, in certain combinations, be responsible for booms 
or depressions. Added to those, there are many factors whose influences 
are habitually indicated as causes of cyc^lical and erratic movements, 
which may be roughly defined as departures from normal. 

The Business Cycle. — Bec^ause of tiie persistent tendency for business 
to prosper, decline, stagnate, recover, and ])rosi)er again, in apparently 
never-ending sequences, the third characteristic movement in economic 
time series has been called the business cycle. Unlike the seasonal 
movement, the business cycle does not recur on a regular time schedule, 
but moves sporadically in response to causes which develop intermittently 
out of complex combinations of economic and other circumstances. 

When the business of a country or of a community is above or below 
normal, the excess or deficdency is usually attributed to the business cycle. 
Measuring the business (;ycle, therefore, becomes a i)rocess of contrasting 
actual occurrences with a normal estimate arrived at by combining the 
calculated trend and seasonal movements. The measurement of the 
variajdqns from normal may be made in terms of actual quantities 
(dollars, tons, or whati^ver the unit of the series may be), or it may be 
made in such tc^rms as pcircentage deviations, whi(;h is generally the more 
satisfactory method* as it places the mc'asure of cy(*lical tendencies on 
a comparable base throughout the entire i)erio(l under analysis, 

It will be noted in Part B, P^xhibit 130, that actual sales fluctuate 
above and below normal every few years. The percentages by which 
these sales rise above or fall below normal arc shown in Part C. These 
fluctuations are the business cycles (including erratics movements) 
expressed in percentage deviations from normal.” 

Erratic Movements. — The last of the four types of time-series 
fluctuations, the erratic movements, are exceedingly difficult to disassociate 
quantitatively from the business cycle. Their causes are such irregi^r 
and unpredictable things as droughts, floods, fires, pestilence, fads, and 
fashions, which operate as spurs or deterrents upon the progress of the 
cycle. The severity of the depression of the early 1930\s in the United 
States, for instance, was partly due to the fact that an unusual combina- 
tion of adverse erratic factors were operating at the same time that busi- 
ness was in the depression phase of the cycle. Among these were the 
unprecedented drought of 1930, and revolutionary disturbances in China, 
India, and South America. Other types of unusual combinations of 
business influences often play a large part in the progress of business 
conditions. A simultaneous decision, for instance, of a number of large 
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corporations to inaugurate policies of expansion might start a boom, 
whereas a reverse policy might start a decline. Separation of erratic 
movements from the cycle is generally limited to a process of pointing out 
certain outstanding deviations from normal as the results of specific 
causes. For practical purposes, actual separation of the cycle and erratic 
movements is seldom attempted, analysis being more easily based upon 
the unadjusted deviations from normal, which include both movements. 

It is worth noting that the importance of these erratic movements 
increases as the range of study narrows. On a scries representing nation- 
wide activity, a Mississippi flood or a San Francisco fire may be of minor 
importance, but to Louisiana or California, respectively, they are catas- 
trophic events. 

Estimation of the Future- — ^Forecasting. — If trend movements have 
been established definitely in the past, and no reason for radical change is 
apparent, there is ample justification for projecting the same trend line 
into the future for a year or two. A trend value for every week, month, or 
quarter in the year to be forecasted is thus easily determined. If the 
seasonal percentages are believed to be representative, each projected 
trend month (week, quarter, etc.) of the year may be adjusted for the 
known seasonal variation to attain ‘‘normal'^ values for all items being 
forecasted. The normal values may then be adjusted to allow for any 
changes implied in the forecast of the business cycle, when its expected 
movement can be derived from a study of prevailing conditions and 
operating causal elements. While forecasts thus made are generaliza- 
tions, they are useful as guides in planning for future business. The sub- 
ject of business forecasting will be discussed at greater length in Chapter 
XVII. 

The principal value of statistical methods in analyzing time series is 
not in forecasting definite movements, but in determining the degree to 
which business is above or below normal. The skater on the lake can tell 
when he is in danger if he knows the thickness of the ice, but he cannot tell 
when it will break. If the business man has statistical information so 
that he knows when “he is skating on thin ice,'' he will not be liable to be 
caught in the difficulties experienced by the business concerns and 
investors mentioned at the beginning of this chapter (pages 270-273). 

Statistically, one's position in relation to normal may be determined 
as follows: 

1. Determine the basic trend. 

2. Measure the seasonal variation and compute a set of indexes. 

3. Determine the normal. (This is the trend combined with the 
seasonal variation.) 

4. State the item for each month (or other period) as a percentage of 
the corresponding normal figure. 
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The foregoing procedure, however, requires a careful determination of 
trend and seasonal variation. The determination of basic trend is the 
subject of Chapter XIV, and the measurement of seasonal variation is 
treated in Chapter XV. Chapter XVI explains how the relation to 
normal may be stated and analyzed as cyclical and erratic movements. 
Further application of the methods described is then made in Chapter 
XVII on Business Forecasting. Before proceeding to study these 
methods, however, it is advisable to consider briefly the preliminary 



Exhibit 131. — The upward tendency of this series from 1910 to 1920 and the down- 
ward tendency from 1929 to 1935 are less pronounced when adjusted for differences in 
price levels. (The ** adjusted” series has been placed on a 1926 dollar basis by dividing 
through by the Bureau of Labor Statistics All Commodity "Wholesale Price Index Number 
(1926 » 100), and an adjustment has been made in the 1910-1921 data so that the series 
can be spliced at 1921.) 

work necessary in preparing data and the importance of studying tech- 
nical methods. 

Preliminary Preparation of Data. — In all cases, business time series 
should be carefully examined for homogeneity before attempting to 
measure such movements as trend or seasonal variation. Sometimes 
the data can be made more homogeneous by applying certain correc- 
tions. In other instances, corrections cannot be made directly, but 
allowances for the lack of homogeneity must be made in the analysis and 
interpretation. 

Preliminary preparation of the data is often necessary because of 
price inflation, and because of uneven time intervals, before fitting trends, 
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computing seasonal variations, and measuring business cycles. Price 
inflation (or deflation) is usually corrected by dividing through by the 
proper price index number. The effect of adjusting a series for this factor 
is illustrated in Exhibit 131. Unequal time intervals, such as months 
(which are not only unequal in length, but which are still less uniform 
because of holidays, etc.) may be made more nearly equal by reducing 
them to an average daily basis (see Exhibit 132). Unequal time intervals 
will be discussed at greater length in connection with seasonal variation 
in Chapter XV. 



Exhibit 132. — Effects of unequal lengths of working months adjusted by average per 
working day. While the major swings are practically the same, there are marked differ- 
ences in the monthly changes as shown by the two curves. 


Importance of Studying Technical Time-series Methods. — Although 
the methods just mentioned are technical, and require considerable skill, 
experience, and energy, they are widely used in practical business 
research. If a business man is to make the best use of the information 
furnished by the research department in his own firm or by outside 
statistical organizations, it is highly desirable that he understand, to a 
certain extent at least, the methods that have been applied. In other 
words, correct use of the results often depends upon a correct understand- 
ing of the methods of obtaining the results. 

If an executive does not use mathematically computed trends, or sea- 
sonal or cyclical variations in his own business, these factors, neverthe- 
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less, must be recognized and approximated. Even the manager of a very 
small enterprise must recognize the effects of these elements on his busi- 
ness, although he may not measure them in an exact mathematical 
manner. Actual computation of these factors is not so necessary as an 
understanding of them and a realization that they exist. In practical 
work, the trained business or economic analyst considers probably hun- 
dreds of series without computed trends or seasonal indexes to every one 
for which he has such (computations. Understanding the nature and 
characteristics of trend and seasonal effects, he can often make the neces- 
sary analyses of the cycles of a series from unadjusted data. In fact, 
the great(^st value of a study of technical methods of time-series analysis 
is the training that it gives in making allowances for such factors as 
long-time trend and seasonal variation without actually making the 
computations. 

In the three following chapters, the methods introduced in this chapter 
will be developed from the point of view of not only enabling the student 
of business conditions to und(?rstand and to apply the methods in time- 
series analysis, but also helping him, when' analyzing specific business 
problems, to make the proper allowances for trend, and seasonal, cyclical, 
and erratic variations where the available data (on production, sales, 
financial conditions, etc.) have not been adjusted for these factors. 

Questions and Problems 

1 . Wliat questions does the business man desire to have answered by time-series 
analyses? How can such analyses assist in the? adoption of successful policies? Give 
.specific examples of difficulties encountered when correct analj’ses have not been 
made of business conditions. 

2 . Are changes in business conditions regular in time of occurreiuie? 

3. What causes irregular variations in business? 

4 . Is the business man affected by few or many ecronornic factors? Is his situa- 
tion simple or complex? Explain fully. 

6. Do the conditions in all industries always coincide? In all countries? In 
all sections of the same country? 

6. Name four well-defined movements common to most time-series data in the 
business world. 

7 . Define or describe long-time or basic trend. 

8 . What type of increase or decrease does an arithmetic straight line indicate? 
Are all trends of this type? 

9. Define or describe seasonal variation. How is it usually expressed in statistical 
work? 

10 . What is meant by “normal” business? What factors, mentioned previously, 
are included in the “normal” condition? 

11 . Describe business cycles. How may they be measured? 

12 . What is meant by erratic movements? Can they be measured accurately? 
How are they usually measured? 

13 . How can the measurement of the underlying factors or movements assist in 
forecasting future conditions? 



284 


BUSINESS STATISTICS 


14 . What are some of the corrections to make business data homogeneous which 
often should precede measurement of the underlying movements? 

15 . Why is it important to understand technical time-series methods when analyz- 
ing business conditions? 

16 . Using the tables given below, eliminate the effects of price changes from the 
sales of Sears Roebuck and Co. for the years 1932-1936 by dividing each month’s 
sales by the corresponding price index. Make a graph of the original sales and 
the sales adjusted for price fluctuations. (Use semi-logarithmic paper.) Compare 
the two curves and write a brief analysis. 


Sales op Sears Roebuck and Co., 1932-1936 
(In millions of dollars) 


Year 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1932 

19.9 


19.9 

23.6 

24.5 

25.0 

20.3 

20.8 

24.5 

25.6 

24.7 


1933 

16.9 

16.1 

16.3 

19.8 

22.7 

22.8 

20.0 

24.7 

26.6 

30.5 

31.3 


1934 

22.0 


25.3 

25.2 

30.1 

27.1 

21.5 

25.2 

29.9 

34.4 

33.7 

41.9 

1935 

23.8 

23.7 

32.0 

34.1 

35.2 

35.1 

29.6 

29.6 

34.3 

44.0 

40.9 

51.3 

1936 

27.7 

27.6 

36.1 


44.9 

46.4 

39.6 

38.9 

47.6 

58.1 

49.0 

66.4 


Source: Survey of Current Business. 


Fairchild Index op Retail Prices, 1932-1936 
(January 1, 1931 = 100) 


Year 

Jan. 







D 




Dec. 

1932 

81.3 







m 

n 


SI 

71.8 

1933 

71.1 

69.9 

69.7 

69.4 

70.4 

72.3 

76.1 

82.5 

86.0 

87.1 

88.0 

88.0 

1934 

88.5 

89.5 

89.6 

89.4 

88.6 

88.2 

87.9 

87.7 

87.7 

87.4 

87.4 

87.2 

1935 

86.8 

86.6 

86.3 

86.3 

86.1 

85.7 

85.2 

85.7 

86.6 

87.6 

88.0 

88.2 

1936 

88.3 

88.3 

88.1 

88.1 

88.1 

87.9 

88.1 

88.5 

89.3 

90.0 

90.8 

91.7 


Compiled and published by Fairchild Publications, Inc. 


17. Using the index of construction costs given on page 286, adjust the following 
data on building permits in Temple City for price fluctuations. 


Building Permits in Temple City, 1932-1937 
(In thousands of dollars) 


Year 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

— 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1932 

72.1 

68.7 

83.6 



79.2 

62.4 

67.1 


36.2 

37 6 


1933 


37.6 

29.1 

42.6 

62.7 

89.3 

91.2 

78.6 

68.4 

72.4 

86.4 

87.8 

1934 

92.5 

86.7 

138.6 

142.0 

151.6 

134.4 

162.6 

172.8 

191.6 


158.4 


1935 

139.7 

KSTiWii 


197.5 

163.6 

142.7 

146.7 

162.4 


219.4 


186.1 

1936 

194.6 

241.7 

203.4 

271.6 


186.9 

193.6 



mml 



1937 

196.2 

236.8 

284.7 

242.1 


175.2 

186.4 

200.7 

261.2 

243.1 

186.4 
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Index op Construction Costs, 1932-1937 
(1930 = 100) 


Year 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1932 

79.0 

78.0 

77.4 

77.1 

74.0 

73.0 


71.8 

71.4 

71.1 

70.0 

69.0 

1933 

69.2 

69.4 

67.8 

67.6 

68.1 

68.8 


74.0 

75.1 

75.4 

76.0 


1934 

77.0 

78.4 

78.8 

79.0 

80.1 

80.4 

81.2 

81.6 

81.9 

82.3! 

82.6 

82.8 

1935 

82.1 

83.6 

83.4 

82.8 

82.4 

82.1 

81.6 

81.4 

81.0 

82.1 

82.4 


1936 

83.6 

82.8 

82.6 

83.4 

83.6 


84.4 

85.0 

86.1 

87.1 

87.6 

86.9 

1937 

88.2 

88.6 

89.1 


91.3 

90.4 

89.8 


86.4 

84.2 

85.1 

85.3 


Presmt graphically the original and the adjusted building permits data and com- 
ment briefly. (Use semi-logarithmic paper.) 











CHAPTER XIV 


TIME SERIES— BASIC TRENDS 

(JBasic or long-time trend may be defined as the tendency, prevailing 
over a period of years, for an activity to grow or to di min is h. It is 
stable and fundamental; it is the record the series would have made had 
there been no seasonal, cyclical, or erratic factors^ 

Importance of Trend Measurement. — Accurate trend measurement 
is important not only in analysis, but also in many types of forecasting. 
In the absence of evidence to the contrary, it is not unreasonable to 
assume that the present tendencies toward growth are fairly well indicated 
by past records, and that factors operating in the recent past will continue 
their influences. Forecasting, by simply assuming that the present trend 
will continue, is thus not impossible in certain instances; but obviously 
the trend must be an accurate and representative one, for any error of 
direction will cumulate rapidly, thereby reducing the value of the forecast. 

Nature of Trends. — As was pointed out in a previous discussion, the 
development of a business series at the present time is a resultant of many 
factors which seldom operate on different industries, communities, or 
enterprises in the same way. Naturally, it is not to be expected that 
there would be a striking degree of similarity between the trends of 
unrelated series. Differences in extent of growth, time of growth, nature 
of growth, and the length of periods during which the same growth 
tendencies prevail, all provide intricacies with which the statistician must 
deal, and there are few series whose trends do not present some, peculiar 
aspects of their own. 

There is, of course, no limit to the number of kinds of trends which 
may exist; nevertheless, the problem is simplified somewhat if we assume 
that irregularity is not likely to characterize trend behavior. While 
trends do change, there are. but few series whose long-time development 
may not be described by smooth and regular curves or lines. Though few 
time series are controlled by exactly the same economic factors, and few 
trends are exactly the same, it is possible to distinguish four fairly 
c ommon types of trends. The first is the s implfe arithmetic progressi on — 
a regular increase or decrease by the same amourU each Vea r. which may 
be shown graphically as an arithmetic straight line (see Exhibit 133). 
The second is the simple geometric progresaon — a regular increase or 
decrease by the s ame wreentage each -year , which may be shown as a 
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straight line on a semilogarithmic chart, and is, therefore, called a 
“logarithmic straight line” or “compound interest trend” (see Exhibit 
134, upper graph). The third type of trend is t he “S-curve ” which is 
characteristic of the growth of many industries; that is, small gains at 
first, then relatively large gains, and then small gains again when the 
industry reaches maturity and the saturation point is approached in the 



Exhibit 133. — An arithmetiu trend. (Tendency to increase on the average by the 
same amount each year.) (The computation of this particular trend line is illustrated in 
Exhibit 168 on page 350.) 


market. (An illustration of an S-curve is presented in Exhibit 145, page 
303.) The fourth type of trend is an irregular smootbed-^curve- which 
usually has to be fitted largely by inspection or estimates. Other types 
of computed curves are sometimes used, bxit it is usually difficult to justify 
their use on a logical basis, especially if the period is short. 

Occasionally, any of the types of trends just discussed may 'change in 
direction abruptly, as illustrated in Exhibit 135. In these “broken 
trends” the curve may even change from one type to another, as is the 
ca^ in.ttjii^ ^xhi^t... , 
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Determination of the Proper Trend Formula. — In fitting a trend, the 
first essential is to chart the data, as this is usually the best way to reveal 



EIxbibxt' 134.-^A compound-interest trend or constant rate of increase. (Tendency to 
increase by the same percentage each year). A, Trend line with a constat rate of growth 
qa a semi-logarithmic chart. B, Same trend on an arithmetic chart, (pata adapted.) 

the movements. Both arithmetic and semi-logarithmic charts should be 
mnployed, as the true nature of the trend may not always be revealed on 
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either one alone. It is not usually necessary to plot all of the data in the 
series. If monthly data are used, it may be sufficient to plot the average 
month of each year, as the use of one point per year gives practically the 
same trend line. Close study of the charted data will ordinarily indicate 
what type of curve should be used in fitting a trend line, and the approxi- 
mate period over which that trend should be fitted. It is usually a good 
plan to sketch the computed trend line upon the charts of the actual data, 
as a check upon the judgment of the worker and upon his mathematics as 
well. If the computed trend fits the data when plotted and meets the 
test of rational criticism, it is probably satisfactory. 



When charting trends, the scale should be selected with care. A rela- 
tively erratic series might move in almost a straight line if the horizontal 
and vertical scales do not maintain the proper degree of proportionality. 
A horizontal movement of about 1.6 times the vertical in actual distance, 
is a proportion which usually gives good results in series covering from 
10 to 20 years. 

Proper Period Essential in Trend Measurement. — It is always 
possible to obtain close-fitting so-called trends, by fitting lines or curves 
over an unrepresentative short period of time. It v^usi be remembered 
that we are obtaining these trends by fitting lines through data which are 
greatly influenced by the business cycle. Gare must be taken that the 
cycle does not tilt the trend line, a contingency , which is very likely to 
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happen if the period of fit is short, or if it begins in a depression and ends 
in a boom, or vice versa. This difficulty is illustrated by the steeper trend 
line in Exhibit 136. Any trend period of less than 10 years should be 
regarded with suspicion, even though circumstances may force its use. 
It is very essential to remember, also, that trend fitting does not mean 
simply curve fitting; the trend describes economic rather than mathe- 
matical developments. Often the statistician’s knowledge that a 
boom or depression took place in a given year will guide him in properly 


MOTOR VEHICLE PRODUCTION IN 
THE UNITED STATES. 1918-1937 

thousands 



EbcHiBiT 136. — Trends based upon different periods. This chart indicates the importance 
of basing the trend upon the proper period. 

placing his trend, when the period is too short or the data are too imper- 
fect to indicate a proper trend line. 

Unreliable results, very similar to those obtained by using short 
periods of time for trend fitting, are sometimes obtained by the use of 
mathematiclEil formulas which are entirely too rigid for the purpose at 
hand. Use of a formula involving powers higher than the second is justified 
only when the statistician has a set of data which clearly conform to the 
characteristics of that mathematical curve over a period of many years. A 
peculiar temporary cyclical twist does not justify the assumption that the 
trend requires a very sensitive device for its measurement. 
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.When there i#a question as to what period is the most representative 
of the current trend, a process of experimentation is often valuable. By 
comparing trend lines fitted to the same series by the use of different 
groups of data, i.e.: 1919-1930, inclusive; 1919-1937, inclusive; 1920- 
1930, inclusive; 1920-1937, inclusive; 1921-1932, inclusive; etc., one may 
determine roughly whether or not the trend is changing, and what set of 
data provides the most reasonable trend. 

Elimination of Extreme Items. — Occasionally a series will be found 
which has one or two observations decidedly out of proportion to tho 


MANNING AND MANNING 
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Exhibit 137. — The year 1936 was very abnormal because of the activity caused by the 
construction of a railway tunnel and bridge near the city. Therefore, it was omitted when 
determining basic trend. {Data adapted.) 

others. Exhibit 137 shows such a series. The year 1936 in this exhibit 
appears to be freakish, and its inclusion in a trend calculation would be 
unwise; and the trend as shown, which fits the normal periods of the data, 
has been computed without any reference to the peak of 1936. Natu- 
rally, it is necessary to recognize such erratic disturbances when they 
occur, and to avoid confusion of non-recurring extremes with the cyclical 
disturbances which are recurring. In another instance, a railroad was 
built through a wheat-growing valley which was already served by two 
railroads. While the new railroad was being built, business activity in 
the valley was greatly accelerated, because of the presence of construction 
workers, etc.; but that era has passed, and, since the new railroad appar- 
ently did not influence the later development of the valley, it is not 
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desirable that the years of construction activity be fallowed to affect 
the results at all when fitting trends to data on the valley's business. 
The valley is affected by the same types of business and crop conditions 
that affected it before the railroad building. It is sometimes prosperous 
and sometimes depressed. In the long run these conditions are offsetting, 
and a trend fitted to the data over a properly selected period will not b(^ 
unrepresentative. When trends are being determined for areas influenced 
by such activity as the construction of the Boulder Dam, the Grand 
Coulee Dam, the Passamaquoddy power development, or the Florida 
Ship Canal, the data must always be carefully analyzed to find out 
whether the activity is merely of temporary effect, whether it caused 
a definite change in the slope of the trend, or whether it caused a vertical 
displacement in the trend with or without a change in the slope. 

Relative Importance of Later Years of Trend Period. — If the trend 
of the data is to be used for forecasting purposes or as a basis for analysis 
of present circumstances, it is especially important that the trend items 
for the recent years be very carefully computed. Whereas slight errors in 
earlier years, where comparisons both backward and forward are possible, 
may not be important, in the later years they may be serious. Especially 
in forecasting is this true; for errors in arbitrarily extended trends are 
(emulative, and such cumulated errors as those in a production or sales 
budget may cause a program to be attempted which would result in a 
serious loss. 

It will be recalled that many economic factors are concerned in the 
growth of a business, an industry, or a commercial area. • Some of these 
factors operate continuously, some intermittently, and some drop out at 
the same time that new ones make their appearance. Such shifting of 
causal circumstances may or may not cause a change in a trend; but 
when a change in a trend occurs, it is, of course, due to changes in the 
underlying causes. If we wish to establish a trend, line which can b(^ 
extended into the future, it may be desirable to give more weight to 
present tendencies than to those of the past, since the present causal 
elements will unquestionably be more effective ip the near future than 
those of the more distant past periods.* Just how j^hould be done is 
an open question. Deliberate weighting of recent selection 

of sensitive trend formulas, use of short periods — each 

has its peculiar advantages and disadvantages. course of 

action must always be determined upon a basis of judgment in the 
individual case, it is impossible to make a general on procedure. 

Available Methods of Trend Fitting. — ^It is possible to use many 
formulas of varying nature and varjdng degree of mathematical flexibility 
in the measurement of trends. Among the wide selection, available are 
formulas whose nature will enable them to meet even, the moat peculiar 
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needs, though in some cases tlie computations becomes too laborious to be 
justified. There is always a point beyond which additional mathematical 
accuracy is not warranted, due to the time and cost necessarily entailed. 
Moreover, in many cases, extreme mathematical exactness does not 
add greatly to the accuracy of the final estimate, due to the probable 
human error in selecting the formula and in determining the period of 
fit. 

Probably the most essential thing to know in trend fitting is the 
general forrn that the growth curve must assume. It is frequently 
possible to determine that a growth curve must hav(^ certain character- 
istics. If the periods are relatively short, this growth is often described 
by a straight line on either arithmetic paper or s('mi-logarithmic paper. 
Frequently, conditions dc^velop in such a manner that a trend changes 
abruptly or a now trend is established. Sometimes the growth character- 
istics are described by a logistic or S-curve. When the logical form has 
been determined, a rough fitting of the data is next in order to determine 
the adjustments that should be made. Then usually th(i adjusted data 
may be fitted mathematically. 

For the reasons just outlined, it seems essential for the business statis- 
tician to be equipped with methods which are simple, economical, and 
reasonable, but not too exacting. The processes described in the follow- 
ing sections will meet most ordinary needs. 

Free-hand Curves as Trends. — One common trend-fitting device, 
which is exceedingly flexible and simple, is nothing more than an ordinary 
free-hand curve, sketched in arbitrarily. This device in the hands of an | 
experiencjod statistician is of unquestionable value, but for the inexperi-| 
enced it is unsafe. 

As a inatter of fact, after one understands the mathematical methods 
of fitting trends, he will ordinarily use them only occasionally. Free- 
hand fitting, tempered with mathematical knowledge and experience, 
often will be the most practical procedure as it facilitates a judicious 
weighting of the observations and a judicious consideration of other 
outside factors. It cannot be too strongly emphasized that a rough fitting 
along logiCEl lities based on good general judgment is much better than a 
refined lines.. A good general procedure in deter- 

mining free-hand trends for practical purposes is to draw three free-hand 
curves, two of which represent the extreme variations in either direction, 
and the third the? ciondtpromise or most probable fit. The two extreme 
curves help to indicate the probable accuracy of the central curve. The 
free-hand curve trend will be discussed in greater detail (pages 307 to 309) 
after consideration has been given to a number of mathematical methods. 

Moving Averages as Trends. — ^The moving average is another simple 
and flexible process of trend measurement which is quite accurate under 
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certain conditions. This method establishes a trend by means of a 
series of averages covering overlapping periods of the data, as illustrated 
in Exhibit 138. The moving-average item for 1933 is the simple arith- 
metic average of the items for 1932, 1933, and 1934; that for 1934 is sthe 
average of the data for 1933, 1934, and 1935; and so on. This process 
of successively averaging three years' data, and of establishing each aver- 
age as the moving-average value for the central year in the group, is 
carried through the entire series. For a five-item, seven-item or other 
moving average, the same procedure is followed; the average obtained 
each time being considered representative of the middle period of the 
group. 

The choice of a 5-y ear, 7-year, 9-year, or other moving average is 
determined by the length of period necessary to eliminate the effects of 


Computation of the Moving Avebaqe 
(Three-item period) 


Year 

Original 

datia 

Three-itein 

total 

Moving 

average 

1932 

^-1933 

1 1934 

13 

15.- 1 

46 

15.3 

18 

57 

19.0 

L^1935 

24 \ 

22 ^^ 

64 

21.3 

1936 

72 

24.0 

1937 

26 

78 

26.0 

1938 

30 




Exhibit 1S8. — p]xample of the calculation of a three-year moving average of annual data. 


the busineHS cyde and erratic fluctuatioiiis. A good trend - must be free 
from suchjnovements, and if there is any definite periodicity to the cycle, 
it is well to have the moving .ay®.™®? cover one cycle period. Or^narily 
the necessary periods will range between three and ten years for general 
business series but even longer periods are required for certain industries. 
Exhibit 139 shows a series of monthly data and moving-average 
^ trends based on 5 years or 60 months and 10 years or 120 months. 

In the preceding discussion, the moving averages of odd numbers of 
years were representative of the middle years. If the moving average 
covers an even number of yeare (or other time periods), each average will 
still be representative of the mid-point of the period covered, but this 
mid-point will fall half way between the two middle items. In the case 
. of a four-year moving average, for instance, each average represents a 
point hidf way between the second and third years covered. In such 
,a case, a second moving^average may be used, if desir^,,to “recenter” 
.the averages. That is, if the first movmg avera^ giv«^ averages center- 





TIME SERIE8--BASIC TRENDS ‘ 296 

ing half way between the years, a further two-item moving average will 
recenter the data exactly on the years. 

As a trend-measuring device, the moving average is subject to several 
c riticism s. First, i t is s ensitive to freakish movements in the data which 
would scarcely affect a mathematical curve; second, it cannot be brought 
up t o date , as the averages are representative of the mid-point of each 
period; and third, in an upward trend it is subject to an upward bias when 
the trend is increasing by increasing amounts, and to a downward bias 
when the trend is increasing hy decreasing amounts. In the case of a 
downward trend, the bias operates in the reverse of these directions. 


BANK CLEARINGS. NEW YORK CITY 
1915-1935 

BILLIONS 
OF DOLLARS 



Exhibit 139. - Use of 5-year and 10-year moving averages of monthly items in determining 

trend. 


However, the moving average is valuable in approximating trends in a\ 
period of fifahrition, when the mathematical lines or curves may be inade- ^ 
quate, and it often serves as a basis for testing other types of trends, 
even though the data are not such as to justify its use otherwise. 

Method of Semi-averages. — The method of semi-averages is another 
simple method of locating a line of trend. Two points are enough to 
establish a straight line. These two points may be established by divid- 
ing the trend period into halves and plotting the average of the observa- 
tions falling in each half as representative of that period. Fach of these 
semi-averages is plotted at the center of the half of the time period repre- 
sented (see Exhibit 140). By drawing a line between the points thus 
determined, t^e. trend is i^scertained.. 
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This method is flexible, for it is permissible to select representative 
periods to determine the two points. Unrepresentative years or groups 
of years may be ignored. For example, in Exhibit 140, it is apparent 
that the year 1934 is freakish and should not be considered in com- 
puting a trend. In determining the trend shown in Exhibit 140 (using 
the method of semi-averages), point A was established by averaging the 
years 1930-1933, inclusive, and point B was established by averaging 
the years 1935-1938, inclusive. 


YEARLY SALES OF THE SMITH DRUG COMPANY 
1930-1938 


THOUSANDS 
or DOLLARS 



Exhibit 140. — Fitting a trend by method of semi-averages. (Data adapted,) 


The yearly and monthly trend growth may be determined by divid- 
ing the difference between the values of point A and point B (Exhibit 
140) by the number of months or years intervening. This method pro- 
.duces satisfactory results, although there is danger that the business 
I cycle may affect the averages determining the two points, if the trend 
I period is short. 

Sometimes it will be desirable to determine a semi-average point by 
tile use of a non-continuous period of years, or from a group of observa- 
tions not occurring at regular intervals. For example, in Exhibit 140, 
it might be detired to represent the period 1930-1938, inclusive, by an 
ayer^ <rf the three years 1930, ^932, and 1983. fix such a eatie, the semi- 
average point A should be centered neuer to the two 1932 and 
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1933 than to that for 1930. To be more specific, it should be located. at 
about* March 1, 1932.^ 

The use of the method of semi-averages need not be confined to 
arithmetic trends. If, when the data are plotted on a semi logarithmic 
chart, the desirability of a straight-line trend is indicated, the method of 
semi-averages may be applied to the logarithms of the actual data. The 
trend items for each year and month may then be obtained in terms of 
logarithms, and converted into an actual trend series by looking up their 
antilogarithnas. In other words, in a compound interest trend, the semi- 
average points are located at the geometric means instead of at the 
arithmetic meansr 

Method of Least Squares.+^Tf a straight line fitted to the data will ; 
serve as a satisfactory trend, perhaps the most accurate method of 
fitting it is that of least squares. The method of least squares is a rnathe- * 
matical device which places a line through a series of plotted points in ■ 
such a way that the sum of the squares of the deviations of the actual 
points above and Ixdow the trend line is at a minimum. This is as near 
as it is conveniently possible to get to a line of least deviations, and is, 
therefore, accepted as the ^Mine of best fit.’’ 

Mathematical methods of obtaining ‘'lines of least squares” are 
available for both straight-line and curved trends. The determination of 
such a line of best fit, unless it is a very complex curve, is not a difficult 
task. The determination of a straight line by the method of least squares 
for data by years is as follows 

1. Find the arithmetic average of the data (see column Y in the table of Exhibit 
141) and find the mid-year (mid-point in time). 

2 List opposite each item the number of years which it is distant from the middle 
year Give those before the mid-year the sign of minus ( — ), and those after the mid- 
year the sign of plus (+). See column x in the table of Exhibit 141. These are 
commonly called the ‘‘time deviations” and are usually designated by x. 

3. Find the squares of the time deviations found in Step 2. See column x* in 
Exhibit 141. 

4. Multiply each time deviation found in Step 2 (column x) by the corresponding 
it«}m in column Y. See column xY in Exhibit 141. 

5. Divide the sum of the squares foiind in column x*into the algebraic sum of the 
multiplications in column xY, The result is the slope of the line of least squares. 

From the calculation we find the slope of the line of least squares to be 
6, which indicates the amount of increase in the trend of total sales from 


^ The date from which the sum of the time deviations (in months) equals zero, is 
the proper location for the semi-average point. 

‘ Only the' least-squares method appUcable to straight lines will be discussed in 
detail. The formula, however, for a second-degree parabola is given in the fck>inote 
on p. 306. 
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year to year. The formula for the calculation of the slope of the line of 
least squares is 

HxY -4- 2x2 

in which the terms 2xF and 2x2 stand for the totals of the fifth and the 
fourth columns, respectively, in Exhibit 141. 

/ The slope of the line of least squares gives what is called the annual 
increment. It is the amount, ^^on the average,” by which the da^aT 
Increase from year to year. If the data had been shown for every month 
of the year, then the slope would have been the amount of increase, on 
the average, from month to month. 


Year 

X 

Sales 

(thousands 
of dollars) . 
Y 

Time devia- 
tions of each 
year from 
middle year 

X 

Squares of 
x-deviations 

X* 

xY 

Trend 
ordinates 
(thousands 
of dollars) 

1934 

45 

-2 • 

4 

- 90 

50 

1935 

56 

-1 

1 

- 56 

55 

1936 

78 

0 


0 


1937 

46 

+1 

1 

! -h 46 

65 

1938 

75 

+2 

4 



Total 



10 

■f 50 


Average 

60 







Sum of xY 
Sum of X* 

It 

SI2 

V 

'1’- 



EiXBiBiT 141. — Simple illustration of the determination of a line of best fit by the method of 

least squares. 


The middle-point value on an arithmetic trend line is the arithmetic 
average of the data. In the problem of Exhibit 141, then, the trend- 
point value for 1936 would be 60. To determine the trend value for any 
given year, it is only necessary to add to or subtract from the middle- 
point value the proper number of annual increments. Thus, to determine 
the trend value for the year 1934, we would subtract two annual incre- 
ments (2 X 5, or 10) from the annual average (60), which would give 50 
as the trend value for that year (see last column of Exhibit 141). Simi- 
larly, by adding four annual increments to 1936, we would find the future 
trend value for 1940 to be 60 + (4 X 5), or 80. The sales data and 
trend line of Exhibit 141 are presented graphically in Part A, Exhibit 143. 

Computation of Monthly Trend Ordinates (by Method of Least 
Squares). — Most timi^-series studies are made on a bads of monthly data, 
but it has been previously pointed out that the fitting, of trends to twelve 
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or even four points per year is a tedious task. For this reason the trends 
are ordinarily fitted to the average month (or average quarter) of each year. 

Obviously, by using the average month of the year the data arcj 
reduced to the size of total annual sales data. Tlu^refore, the result- 
ing trend increment (wlien the trend is determined on the basis of 
an average month of each year instead of the total of the year) is Vy 
as large as that of total annual sales. But this is not the monthly 
trend increment; it is also an annual increment, although it is the annual 
increment in average monthly sales instead of in total annual sales. In 
order to reduce this annual increment in average monthly sales to a 
monthly increment it is necessary to divide again by 12. As a result, the 
monthly increment of sales is lif the size of the annual increment of total 
annual sales. Similarly, a quarterly increment is iV as large as an 
annual increment in total sales. 

For example, if average monthly data had been used in Exhibit 141, 
the sales column would show amounts as large as the sales given, 
and the average would be 5 instead of 60. This is the trend ordinate 
for 1936 on the new basis, and the trend increment will be found to be 
jV fl-s large as that on the former basis, or of one thousand dollars 
of sales. To get the trend ordinates for the other years it is necessary 
only to add or subtract the increment cumulatively, as described in the 
illustration. 

To reduce the preceding annual trend increment of average monthly 
sales (i\) to a monthly increment, we again divide by 12, giving 
as the monthly increment. However, in obtaining the trend ordinates 
of the 12 months of each year a new problem arises. The trend ordinate 
for the average month of the year 1936 we have found to be 5 thousand 
dollars. This average month is what month of the year? Is it at the 
beginning, the middle, or the end of the year? The answer is that 
the average of the year is centered at the middle of the year. This 
will include one-half of June and one-half of July, or the period from 
June 16 to July 15, and the trend ordinate for this period of 1936 is 
5 thousand dollars. To find the trend points for June and July, one- 
half a monthly increment is subtracted from the middle-point value to 
obtain the June trend point and one-half an increment is added to obtain 
the July point. The ordinates of the other months are found by adding 
or subtracting cumulatively a full month^s trend increment. 

The method of obtaining monthly trend ordinates, which has just 
been described, may not obtain results exactly identical with those 
obtained by fitting the line of least squares directly to the monthly sales 
data. But it is commonly used because the mathematical computation 
of trend is much more laborious when monthly sales data are employed. 
The difference in results is ordinarily negligible for practical purposes,^ 
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except where the monthly fluctuations are wide and erratic throughout 
the period. 

The Compound-interest Curve. — Many series of business data tend 
to gain, on the average, by a constant percentage each year, instead of 
a constant amount. Such a tendency is best represented by the com- 
pound-interest curve, or geometric progression. An example of such 
a curve is presented in Exhibit 134, page 288. 

Different rates of growth provide curves of varying shapes, but the 
I compound-interest trend is readily recognized when plotted on a semi- 
logarithmic chart because on such a chart it becomes a straight line. 


Year 

X 

Sales 

(thousands 
of dollars) 

Logs of 
actual 
data 
(sales) 

Deviations of 
each year 
from middle 
year 

» (log Y) 

Ix>gs of 
trend 
ordinates 

Trend 
ordinates 
(thou- 
sands of 


Y 

logY 

X 




dollars) 

1934 

62 

1.7924 

-2 

4 

-3.5848 

1.8581 

72 

1935 

180 

2.2553 

-1 

1 

-2.2553 

2.0335 

108 


115 

2.0607 

0 

0 

0 

2.2090 

162 

1937 


2.2787 

+1 

1 

•+•2.2787 

2.3845 

242 

1938 

455 

2.6580 

+2 

4 

+•5.3160 

2.5h00 

363 

Total 


5)11.0451 


10 

1.7'646 



Average* 


2.2090 







Logarithm of annual increment is 


1.7546 

10 


.17546. 


* Arithmetic average of the logarithms, or logarithm of the geometrio mean. 

Exhibit 142. — Simple illustration of the computation of a compound-interest trend. 


Because of this characteristic, the compound-interest curve is sometimes 
calle4 a ^^logarithmic straight line,'^ 

The compound-interest curve is fitted by the method of least squares, 
substituting logarithms for the actual data (see Exhibit 142). The 
entire process, even including the determination of monthly or quarterly 
tren^ ordinates, is carried through in terms of logarithms. The anti- 
logarithms of the resulting trend logarithms are then obtained and used 
as trend ordinates. Exhibit 142 (next to last column) illustrates how 
the logarithm of the annual increment is successively added to or sub- 
tracted from the arithmetic average of the logarithms of the sales data. 
This average logarithm is the logarithm of the geometric mean, which is 
the trend ordinate for the middle year. The actml trend ordinates are 
the antilogarithms of the resulting logarithms (see last column of Exhibit 






TIME SERIES-BASIC TRENDS 


301 


142). The data and trend of Exhibit 142 are presented graphically in 
Part B, Exhibit 143. 

A close approximation to the results obtained with least squares on 
logarithms may be attained by using the method of semi-averages on 
logarithms. In fact, any device usable with the actual data is also suit- 
able for use on the logarithms, giving the compound-interest character- 
istics a degree of flexibility which makes them much more useful than 
they would otherwise be. Of course, the semi-logarithmic chart should be 
used 88 a guide for such manipulations, as it reflects tendencies toward 
geometric progression much more (dearly than does the arithmetic chart. 

The S-curve Trend. — The tendency of the growth of an industry, espe- 
cially if it is expressed on a per capita basis, to have small gains at first, 
then relatively large gains, and then small gains again as it approaches 

THOUSANDS THOUSANDS 

OF DOLLARS OF DOLLARS 




A B 

Exhibit 143. — A, Arithmetic trend line computed in Exhibit 141. B. Compound- 
interest trend line computed in Exhibit 142. 

the market saturation point, is goncraliy appreciated. Such series as 
automobile registrations and telephone and electric-light installations 
over a period of time have shown these growth chara(;teristics in a manner 
which is very similar to the characteristics of a cumulative normal fre- 
quency distribution. Many other series of business data show tendencies 
of growth that vary in such a manner that they show characteristics of 
cumulative frequency curves other than those of the normal or bell- 
shaped curve when cumulated. Trend curves showing these tendencies 
toward an S form are known as ‘‘S-curves,” and although there are 
theoretical limitations upon their use in the analyses of many time series, 
they have been found to be of practical value in analyzing trends which 
show a persistent tendency toward an S form. 

As an introduction to the study of trends of this sort, a brief descrip- 
tion will be given of the use of the S-curve, which, when plotted, corre- 
sponds in appearance to a cumulative frequency curve made from a 
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bell-shaped or symmetrical distribution. It is to be emphasized that this 
particular S-curve can be used in time series analyses only when it fits 
the data presented. The use of other S-curves of this type in analyses of 
time series can be found in the more extended discussions of this subject.^ 
The use of the concept of a cumulative normal frequency distribution 
in analyzing the trend of a time series is greatly facilitated by plotting 
the curve on cumulative probability paper® using a simple arithmetic 

Total Automobile Registrations in the United States per 100 Persons 
(December 31, 1905 to 1937) 



Exhibit 144. — Table of data to accompany Exhibits 146 and 146. 


scale to represent time. The use of probability paper enables one to 
apply probability laws to business problems without laborious mathe- 
matical treatment. Exhibit 145 shows total automobile registrations 
per 100 inhabitants in the United States from 1905 to 1937, and how thb 


^ Kuznbts, ■ Simon S., Secular Movements in Production and Prices,” 
Houghton Mifilin Company, Boston, 1930; Pearl, Raymond, ‘‘The Logistic Curve 
and the Prediction of the Population of the Chicago Region,” Journal of the American 
Statistical Association, Vol. 23, p. 361, December 1928; Yule, G. Udny, “Laws of 
Population Growth,” Journal of Royal Statistical Assodalion, Vol. 88, pp. 1-68, 
January 1025; Persons, Warren M., “Forecasting Business Cycles,” Chap. XII, 
John Wiley k Sons, Inc., New York, 1931; Hay, William Wren ‘“Estimation of 
Population Growth,” Aoods and Streets j Vol. 81, No. 6, pp. 45-47, June 1938. 

* The .probability paper recommended for this purpose is that designed by Allen 
Haizen and sold by jbhe Qodex Book C 9 mpany, Inc., Norwopdi Mass. The paper is 
ditoh berried to as “Hazeh’s CumulativO PtObability Paper.”* * * ‘ • * ‘ ‘ 
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trend corresponds to the familiar S-shaped cumulation of a normal fre- 
quency curve. Exhibit 146 shows how this curve trend forms a straight 
line when plotted on cumulative probability paper to the proper scale. 

The probability paper illustrated in Exhibit 146 is so designed 
that cumulative normal frequency curves can be plotted as straight lines. 
This fact makes it possible to construct a trend with a much smaller 
number of observations than would otherwise be required and, what is 



Exhibit 145. — An S-curve trend plotted on arithmetic paper. 


more important, it also permits the projection of the trend into the future 
with the likelihood that such projection will be in accordance with the 
actual development. Although the theory governing the probability 
curve has been well understood for a long time, its application has been 
limited almost entirely to technical problems, owing to the difficulty of 
plotting it. The designing of probability paper has opened up through 
its simplicity a much wider field, and unquestionably there are many 
problems that may be solved by it that have as yet not been worked out. 
The law of probability is applicable to a wide variety of fields in experi- 
mental and statistical work, testing, sampling, insurance, in fact tc 
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\ all SOI ts of observations which are not susceptible to an exact mathemati- 
\ cal analysis, but which may be solved approximately through their 
dependence upon the laws of chance.”^ 



EbcHiBiT 146. — An S-curve trend plotted on probability paper. {Adapted from American 

Founders Corporaiion,) 


The scales of small figures on the sides of the graph in Exhibit 146 
are in percentages. These figures appear on the paper as it comes from 

^ Haskell, Allan C., ''Graphic Charts in Business,’* p. 149, Codex Book Com- 
pany, Inc., Norwood, Mass., 1928. 
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the manufacturer. The limits of a cumulative series are no items and 
all items— that is, 0 and 100 per cent of the total of the series. The 
probability scale laid out in percentages will never reach either 0 or 100 
per cent in either direction, for the true normal curve is asymptotic to 
(i.e., approaching but never reaching) the horizontal axis, and its 100 
per cent parallel. Therefore, we can never plot 0 and 1 00 per cent on this 
paper. We can only approach these limits by extending the scale into 
small fractions toward each limit. ^ 

In order to plot an S-curve as a straight line, it is necessary to multiply 
(or divide) the original data by a constant in order to adjust the sizes of 
the data to correspond to the scale of the probability paper. The size 
of this constant is determined by experiment. If we multiply by a con- 
stant that is too large, the line will curve upward, and if we multiply by 
a constant that is too small, the line will curve downward. 

To illustrate the use of probability i)aper in greater detail, let us 
consider the data on total auto registrations per 100 inhabitants pre- 
sented in Exhibit 144. Suppose that our horizontal s(‘ale of years is 
identical with that in Exhibit 146. ^ Then as a trial, let us take threes 
points, one from near the beginning of the series, one from near the 
middle, and one from near the end — ^namely, the figures for 1 907, 1 922, 
and 1 937 (s(je Exhibit 144). Now the problem is to see if we can multiply 
these data by a constant that will enable us to i)lot them (according to 
the scale of small figures on the right. Exhibit 146) so that they will 
lie in a straight line, running diagonally from the lower left to the upper 
right. If 3 is used as a constant, the curve turns downward. If 5 is 
used, the curve turns upward. If 4 is used, the points lie more nearly 
in a straight line. Further experiment shows that 4.3 is a satisfactory 
constant.^ The original data are then multiplied by 4.3 as shown in the 
last column of the table of Exhibit 144 and plotted according to the 
detailed scale of percentages on the right of the graph (Exhibit 146). 
This trend has been projected to 1940. For convenience in reading, a 
scale in terms of registrations can be set up as shown by the large figures 

1 This is not an important difficulty, however, as “unless we deal with large series, 
containing over ten thousand items and so grouped that the terminal groups have 
only one item each, we shall not need to plot points less than .01 per cent or greater 
than 99.99 per cent.” See Karl G. Karsten, “Charts and Graphs,” p. 460, Prentice- 
Hall, Inc., New York, 1923. 

* The probability paper referred to in this illustration, namely as illustrated in 
Exhibit 146, can be used only for the type of S-curve to which this discussion is 
limited. 

* It should be appreciated that we cannot determine our constant on the basis of 
the ratio of the average of the data to the average of the percentage scale, because at 
the outset we do not know what part of the complete range our data represent, 
Therefore, the best fit is determined experimentally as described, 
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on the right of the graph. In this case the units 2, 5, 10, 15, 20, 22, and 
23 were selected as convenient in relation to the spacing. By multiply- 
ing these by 4.3 and finding the positions on the percentage scale, we have 
the proper locations for the corresponding scale figures. 

Having determined the trend in the above manner, it is sufficiently 
accurate for most purposes to read the values of this trend line from the 
graph, but they can be mathematically computed if greater accuracy is 
desired. In either case, the corresponding data can then be expressed 
in percentage deviations from the trend, and these can be converted to 
standard or average deviations. 

While the fitting of growth curves to straight lines on this special 
plotting paper may have but little significance if only a fraction of the 
growth is shown, the significance is great when a close fit is obtained 
with respect to a growth curve that has approached to within 20 per 
cent of its saturation point. ^ Of course, an S-curve trend, like all 
other trends, should not be used unless supported by a strong logical 
justification.* 

One of the greatest difficulties in using the S-curve as above described 
is to make the proper selection of the three points on which to base the 
straight line. Here careful judgment must be exercised if the line is to 
serve as a normal above and below which the cycles fluctuate. If the 
values fluctuate as much as they do toward the end of the period in 
Exhibit 146, it is particularly important to apply external checks to see 
if the position is reasonable. Probably the greatest importance of th(^ 
S-curve in time-series trend fitting is not in its direct use, which will 
be only occasional, but jather in its indirect value in the training and 
help that it gives the statistician in fitting representative trends of other 
types. A keen appreciation of the long-time tendency of a mature indus- 
try to flatten out as it approaches a saturation point in the market is 

^ See M. C. Rorty, “Statistics and the Scientific Method,” Presidential Address, 
Ninety-second Annual Meeting, American Statistical Association, December 31, 1930, 
published in the Journal of the American Statistical Associationf March 1931, pp. 1-10. 

* Further information on frequency curves and probability paper is given in Allan 
C. Haskell, “Graphic Charts in Business,” pp. 143-151 and 340-361, Codex Book 
Company, Inc., Norwood, Mass., 1928; and Karl G. Karsten, “Charts and Graphs,” 
pp. 450-471, Prentice-Hall, Inc., New York, 1923. 

Occasionally it is advisable to measure a curving trend (not of the S type) whose 
amounts of change are increasing or decreasing, or whose percentage rate of change is 
gradually changing (see Exhibit 176, p. 374). For most practical purposes a second- 
degree curve of the potential series (second-degree parabola) is satisfactory. The 
general formula for the trend points is, y = a + hx ca;*, in which y represents the 
trend value of y or the trend ordinates. The constants a, 6, and c are found by solving 
three normal equations in three unknowns. For further explanation of the mathe- 
matical process, see Frederick C. Mills, “Statistical Methods,” pp. 253-279, Henry 
Holt A Company, New York, 1938. 
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imperative to the business statistician, and a knowledge of S-curve trend 
fitting will be of much help^^^ him in making the necessary allowances 
and adjustments, when, as jill usually be the case, he is attempting to fit 
a straight line, a free-hand curve, or other simple type of trend. 

Mathematical Methods of Trend Measurement Not “Fool-proof.**- 
As will be inferred from the description of types of trends, accurate trends 
cannot always be fitted mathematically. Since the approach is generally 
that of fitting a line or curve to the charted original data, the particular 
mathematical deyice used is the one which the statistician believes will 
best enable him to measure the movements apparent to his eye. How- 
ever, mathematical methods of fitting trend are not fool-proof in fact, 
they are the source of some of the most serious errors that are made in 
statistical work. They should never be used unless rigidly controlled by 
a separate logical analysis. Trend fitting depends upon the judgment of 
the statistician, and a free-hand sketch is often more practical than a 
refined mathematical formula. 

Effective use of mathematical methods in trend measurements is 
possible only when the statistician is reasonably familiar with the inherent 
characteristics of each type of trend line. While the fitted curves tend to 
follow the observed points to which they are fitted, the curve formulas 
control the characteristics of the trend lines to such an extent that the 
use of the wrong one necessarily means a poor fit. For this reason, as 
indicated previously, it is necessary that one appreciate mathematical 
methods of trend fitting if he is to be able to fit a free-hand trend skillfully. 

Trend Fitting Not Merely Curve Fitting — ^Importance of Free-hand 
Curves. — In fitting trends it must be thoroughly appreciated that the 
objective is to determine the fundamental tendency over a considerable 
number of years.' Suppose that in January 1938 we are fitting a trend 
curve to steel-ingot production for the period from 1900 to 1937, inclusive. 
The position of the trend at the end of the period should be representative, 
not only of the data of the past period, but also for at least a few years 
into the future^ It should be located at the level above and below which 
past and future cycles will fluctuate. Obviously, a mathematically 
fitted line, for instance, even though it be the most representative line 
that could be fitted to the curve, may not represent the fundamental 
growth tendencies of the^series.' In Exhibit 147 a line (or curve) mathe- 
matically fitted to the period from 1920 to 1930 would indicate a down- 
ward tendency into the future. Economic analyses of the conditions 
surrounding steel-ingot activity, however, indicate that such a trend 
would not be truly representative of the long-time fundamental tendencies 
of the series. 

A trend-fitting problem like that of Exhibit 147 requires a combina- 
tion of methods together with a thorough understanding of the nature of 
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Exbibxt 147. — A free-hand curve trend fitted by inspection but based partly upon a 
moving average for the early part of the period and a number of computed trends for the 
later part of the period. 
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long-time tendencies and good judgment on the part of the statisticiai). 
For the most part, the trend shown in Exhibit 147 is a free-hand curve 
based, in turn, upon a 10-year moving average for the early part of the 
period, and upon a number of efforts to compute a trend for the later 
part of the period. At the end of the period an arbitrary adjustment is 
included, based upon a general knowledge of economic growth tendencies 
and a careful consideration of '^le influence of a major depression on the 
usual methods of curve fitthig. The resulting free-hand curve stands 
the test of rational analysis when plotted on both arithmetic and loga- 
rithmic paper. Such trends must be carefully watched when making 
current analyses and forecasts, and checks must be made with outside 
data to determine whenever possible whether the trend level or slope is 
too high or too low to be reasonable. 



Data of Exhibit 141 

Data of Exhibit 142 


A 

B 

C 

D 

E 

F 

Year 



Series in 



Series in 


Sales in 

Trend 

percentage 

Sales in 

Trend 

percentage 


thousands 

ordinates 

deviations 

thousands 

ordinates 

deviations 


of dollars 


from trend 

of dollars 


from trend 

1934 

45 

50 

-10 

62 

72 

-14 

1935 

56 

55 

+ 2 

180 

108 

+67 

1936 

78 

60 1 

+30 

115 

162 

-29 

1937 

46 

65 

-29 

190 

242 

-21 

1938 

75 

70 

+ 7 

455 

363 

+25 


Exhibit 148. — Simple examples of eliminating trend. 


Elimination of Trend. — Usually the best method, and in many 
instances the only practical method of eliminating the trend influence, 
is to express the actual data as percentages of the corresponding trend 
ordinates — that is, to divide each trend ordinate into the corresponding 
actual sales or other items. When the resulting percentages of trend are " 
plotted, the points will appear above or below the horizontal 100 per cent i 
line, and the relative variations from the trend can easily be measured by 
noting the distances (on the percentage scale) of each point from the 
horizontal base. If desired, 100 per cent may be subtractedlfrom, each 
percentage of trend item, giving positive and negative percentage devia- 
tions from trend. Exhibit 148 illustrates the elimination of the trends 
computed in Exhibits 141 and 142 (see columns B and E) from* the 
original sales data (columns A and D) with the adjusted series expressed 
in terms of percentage deviations from trend (columns C and F). 

It is also possible to determine variations from trend by subtracting 
each trend ordinate from the corresponding actual datum. But the 
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FBSult is in size units, such as dollars or pounds, rather than in percentage 
terms. For further statistical use, it is usually desirable to state the 
variation from trend in percentage terms, and these percentages are, in 
turn, often converted to terms of percentage deviations, average devia- 
tions, or standard deviations. 

Questions and Problems 

1. What is basic or long-time trend? 

2. Describe three common types of trends. What is meant by ** broken trends *'? 

8. What would you do first to determine the proper trend formula? 

4 . In charting data for trend purposes, what is ordinarily a proper relationship 
for the horizontal and vertical scales? 

5. Discuss the problem of determining the proper time period for trend 
measurement. 

' 6. Is it ever advisable to disregard any items in a series for trend measurement 
purposes? Explain. 

7. If weight is to be given to any portion of the period for which the trend is to be 
measured, to which portion should it be given? Why? 

8 . Name four methods of determining a line of trend. 

9. What are the advantages and disadvantages of the free-hand curve trend? 

10. Describe the method of moving averages as used in trend measurement. 
What factors determine the period of the average? What are the disadvantages of 
this method of trend computation? 

11. Expli^in the metfiod of semi-averages for trend measurement. What are some 
of the advantages of this method? 

12. State the steps in the computation of a straight-line arithmetic , trend by the 
method of least squares. 

18. What is meant by ‘‘trend increment^'? By “trend ordinate”? 

14. Is the monthly trend increment one-twelfth the annual trend increment? 
Explain. 

16. Why are trends often fitted to the average month of the year by the method of 
least squares instead of to annual data? 

16.. How is the nlethod of least squares used in fitting a compound-interest curve? 
Pmribe the process. 

.17. In connection with what types of growth should the S-curve trend be used? 

18. Explain the use of probability paper in determining S-cuive trends. 

' 19. Why should the S-curve trend (as well as otheir trends)' be isfipj^Hed by a 
fljkmng- logical justification? 


SALiis OF Jones Wheel Co., 192^1937 . 
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80 . Explain mathematical methods of trend fitting are not fool-proof.” 

81 . Describe two methods of eliminating the effect of trend from a time series. 
How are ” percentage deviations from trend” obtained? 

88. From the annual sales of Jones Wheel Co. for the years 1922-1937, as shown 
in the table on page 310, compute the trend ordinates for these calendar years by 
the moving-average method. Use a 4-year moving average. 

28. The Morton Lumber Company had average quarterly sales (in millions of 
dollars) as follows: 


Year 

Average 
quarterly Bales 

1930 

2.1 

1931 

2.0 

1932 

1.6 

1933 

1.7 

1934 

2.2 

1935 

4.3 

1936 

6.7 

1937 

7.6 


а. By the method of least squares find the quarterly trend ordinates for each of 
the eight years. 

б. What is the annual trend ordinate for 1937, and what is the annual increment 
of the annual trend? 

c. What are the quarterly trend ordinates for the four quarters in 1937? 

24 . Sales of the Pacific Book Company by quarters for the years 1932-1937 were 
(in thousands of dollars) : 


Year 

1st quarter 

2d quarter 

3d quarter 

4th quarter 

1932 

34 

46 

40 

60 

1933 

37 

23 

41 

19 

1934 

17 

24 

28 

31 

1935 

35 

45 

37 

43 

1936 

29 

44 

38 

49 

1937 

40 

47 

38 

55 


By the method of least squares what is the annual increment of the annual trend? 
What is the quarterly trend ordinate for the third quarter of 1937, and how does this 
figure compare with the actual sales of that quarter? 

26. Electric power sales and revenues in the United States, 1928-1936, were as 
shown in the table at the top of page 312. 

a. What is the monthly trend ordinate for September 1936 of the sales of power? 
Use the method of least squares. 

h. What is the monthly trend increment per month for the revenues from power 
sales? Use the method of least squares. What would be the monthly trend ordinates 
for revenues .in 1937? 

e. Fit a free-hand trend to the data taking into consideration possible and prc^ . 
able future growth. , Show graphically. 
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Year 

Sales 

(in billions of 
kilowatt-hours) 

Revenue 
(in billions of 
dollars) 

1928 

67.0 

1.78 

1929 

76.3 ‘ 

1.94 

1930 

74.9 

1.99 

1931 

71.9 

1.98 

1932 

63.8 • 

1.83 

1933 

66.0 

1.77 

1934 

70.8 

1.84* 

1935 

77.6 

1.92 

1936 

90.0 

2.07 


Source: The Edison Electric Institute. 

26 . By the method of semi>averages fit a straight-line trend to the following 
Dow Jones averages of railroad-stock prices: 
a. For the years 1899-1936. 
h. For the years 1918-1936. 


Year 

Average 

price 

Year . 

Average 

price 

Year 

Average 

price 

1899 

$ 79.76 

1912 • 

$119.64 

1925 

$102.96 


^ 83.99 



1926 

112.87 


105.26 

1914 . 

98.42 

1927 



120.55 

1915 


1928 

142.65 


105.04 

1916 


1929 

158.59 


105.39 

1917 

88.26 



1905 

124.03 

1918 

85.06 

1931 



129.33 

1919 

82.38 

1932 

27.27 


106.68 

1920 


1933 

39.98 


103.05 


71.54 

1934 

43.08 


124.18 

1922 

83.71 

1935 

34.58 


117.75 

1923 

83.71 

1936 


1911 

116.83 

1924 

89.74 




Sowree: The WaU Street Journal, Padfie Coaet EdUion, March 1037, Review and Supplement. The 
prices quoted are averages of the high and low for the respective years. 


In both a and b chart the data together with the trend line (see Exhibit 140). 

27 . Fit a S-yea?* moving average trend to the data given in Problem 26. 

28 . Fit a trend by the method of least squares to the data given in Problem 26. 

29 . Fit a free-hand trend to the data of Problem 26. 







CHAPTER XV 


TIME SERIES— SEASONAL VARIATION 

The various weather and climatic conditions, which characterize * 
different portions of each year, have a direct bearing upon trade and 
production and, consequently, are very important in determining slack 
and busy seasons. Nearly every type of business activity is susceptible 
to seasonal influence, to a greater or a lesser degree, and the seasonal 
effects are present whether the year be a prosperous one or a dull one. 
Seasonal variation is, therefore, to be accepted as a normal phenomenon, 
recurring every year, and one which should be accounted for in attempts 
to study the causes of past developments or to forecast coming events. 

Nature of the Seasonal Movement. — The seasonal movement in the 
form of recurring peaks and valleys of each year can easily be observed in 
Part A, Exhibit 149, which shows the volume of sales of a machinery 
firm for 21 years, from 1918 to 1938. It is also apparent that the seasonal 
movement is much more pronounced in the more recent years when sales 
have been larger. However, when we place the same data on the 
logarithmic scale (Part B, Exhibit 149), the seasonal fluctuations appear 
to be relatively about the same throughout the entire series. This test 
illustrates t\s^ important characteristics of most seasonal movements; 
(IJ that their exten t te nds to be a certain proportional deviation. iriinn the | 
ave rage business at the time, rather than a definite amount; a nd (2) that 
th is p roportional deyi^ion ji^dinari^ does, not change rapidly. ' ^ 

In Chapter XIII, a normal year in any series was described as one in 
which only the trend and regularly recurring seasonal factors were 
operating, and in which there were no effects due to cyclical and erratic 
factors. Assuming that such a year is found, and the monthly trend 
values are known, the measurement of the seasonal movement is a simple/ 
task. If we divide the actual monthly values by the corresponding trend J 
values, the several quotients represent the seasonal variation, stated as 
percentages of the trend. 

To illustrate, we may find that, on accoimt of seasonal acceleration, 
January of our assumed normal year is 110 per cent of the trend for 

^ These conclusions arc not based upon universal characteristics, but rather upon 
the tendencies in the majority of cases. Not infrequently seasonal variation may 
change. In such caseSi methods for measuring changing sea^nal variations should be 
used, if accurate measurement is necessary (see pp. 324 and 325). 
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January; or that due to seasonal dullness, August of our’assumed normal 
year is 80 per cent of the August trend. These percentages are the 
seasonal indexes'' for January and August, respectively. Such a 



Exhibit 149. — A series with distinct seasonal fluctuations presented on arithmetic and 
semi-logarithmic graphs. It is evident from the unadjusted data that the r^ative seasonal 
variations are about the same over the period (lower graph or Part B). {Data adapted,) 


• seasonal index indicates the relationship of any “normal” ^month to the 
computed trend for that month. But the completely normal or “ideal” 

r x (which has only trend and seasonal factors) is practically never found 
business data, because of cyclical and erratic influences. Over a 
V p«r|iod of y^rs, however, the cyclical and erratic effects are likely to be 
ol^ting, and if averagea are tak^ of the Januarys, <ii the Februarys, 
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of the Marchs, etc., one should obtain a normal year. This may be 
done by averaging the ratios to trend for each January (over a period 
of years), for each February, etc., to obtain a normal ratio to trend for 
each month. 

Preliminary Considerations. — Before attempting to measure seasonal 
variation, certain preliminary decisions must be made. It is, of course, >. 
necessary to decide whether weekly, quarterly, or monthly indexes are 
required, which will be determined by the nature of the problem and the 
type of data available. 

It is possible to make the computation of seasonal indexes more j 
accurate by some methods if trend influences are eliminated before the Ji 
seasonal computations are made. This may be done by computing the 
trend values and dividing them out of the series, as was explaii^ed in 
the preceding chapter. 

The problem of varying lengths of months, which was discussed } 
previously in connection with Exhibit 132 on page 282, is important in 
determining seasonal variation. It is sometimes necessary to make 
special allowances for varying lengths of months from one year to the 
next because of differences in the numbers of Sundays, holidays, etc. 
Adjustments may sometimes be made in the seasonal percentages, or in 
the original data for each month, by dividing by the number of working 
days in the month to arrive at an average daily figure. Then 
analysis may proceed in the usual manner, using the daily 
instead of the monthly totals. 

The fact that the same months in different years do not alw^^ ljj^, 
tain the same number of business days, owing to changes in tMealqn^^ 
is significant when handling the statistics of certain lines ij^Lbui^p^^^ 
where the amount of activity varies directly with the number of 
days. In other types of business there is little difference 
Sunday or holiday and an ordinary work day. Between tji^e t^ 
extremes are various degrees of difference. C 

The ordinary seasonal percentage may often be made mote acemra^ 
by adjusting it to allow for the number of working days in the* month/ 
For example; July has 31 days, of which 1 is a holiday and (thi&^eya^e 
number) are Sundays, thus leaving 25.57 working days. When there 
are 5 Sundays in July the number of working days is 25, or 2.2 per cent 
less than the average, and the seasonal index should thus be decreased 
that much. Conversely, when July has only 4 Sundays there are 26 
working days, or 1.7 per cent more than the average; the normal seasonal 
index should therefore be increased by 1.7 per cent. This sort of schemeri 
is logical only when the volume of activity is known to be a functiosJ 
of the number of work days, and when the 6 work days of the week are 
equal in importance. ^ 
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No arbitrary rule can be laid down which will determine whether or 
not the average daily basis is better or worse than the monthly total 
basis for any particular series. In most cases, it is evident that correc- 
tions for differences in additional days at the ends of the months are 
sound, but whether or not adjustments should be made for Sundays and 
holidays is a more difficult question. It is obvious, for instance, that if 
a restaurant closes on a holiday, the day^s business is lost, while if a 
clothing store closes bn a holiday, its sales will be made up largely on the 
immediately following and perhaps preceding days. The fluctuations 
in a series like bank clearings, however, are due to an intricate combina- 
tion of many kinds of activities, and it is very difficult to determine the 
real effect of holidays. Average daily figures based on so-called working 
days^ therefore, should not be used blindly, but only when a careful 
analysis indicates that they are more representative than the totals. 

Period of Seasonal Calculation. — ^Just as in the case of basic trends, 
the seasonal-index computations must be made from data which are 
homogeneous and representative. A seasonal index of short-time money 
rates covering the period 1900 to 1938 would be fallacious, for the data 
are not homogeneous. Because of the inauguration of the Federal 
Reserve System and recent banking legislation, a number of changes have 
occurred in the seasonal characteristics of interest rates. Similar exam- 
ples are available in all lines of business. On the other hand, it would 
be deceptive to compute an index of seasonal variation for interest rates 
if we used only three or four years, for the data are so affected by the 
business cycle and stock speculation that such a short period would not 
be representative. For some data, three years may be enough; for other 
series, eight, ten, or even more years may be necessary. 

To guide the statistician in the selection of the proper period (or 
periods) for his index, both qualitative and quantitative facts are usually 
available. Facts about changing economic circumstances will provide the 
first, and a study of the original data and of the link relatives or other 
basic ratios will give the second. 

Methods of Measuring Seasonal Variation. — ^There are many different 
methods of measuring seasonal variation, some of which are quite accu- 
rate and some of which are only approximate. The following methods, 
which are practical for business use, will be discussed somewhat in detail: 

1. Method of monthly totals or monthly averages. 

2. Ratios-to-trend method. \ ^ 

3. Ratios^to^moving-average method. 

4. liidL-relative method. 

V Other specialized methods for measuring changing seasonal Variation, 
lot i^pplying seasonal indexes to unadjusted data, etc., will be dis- 
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Method of Monthly Totals or Monthly Averages. — The method of 
monthly totals or monthly averages is one of the simplest methods of 
obtaining a seasonal index. The procedure is as follows: 

1. Arrange the unadjusted data by years and months as in the A columns of 
Exhibit 150. 

2. Find the totals of the Januarys, Februarys, etc. (see column B, Exhibit 160). 

3. Express the total of each month as a percentage of the average of the monthly 
totals. This is the measure of seasonal variation (see column C, Exhibit 160). 



Sales (in thousands of dollars) 

C 






Percentage of 

Month 

A 

A 

A 

B 

each monthly 




Total of 

total to 


1936 

1937 

1938 

, three 

average 





years 

monthly total 

January 

132 

■9 


611 

99.5. 

February 

104 



412 

80.2 

March 

96 



402 

78.3 ' 

April 

86 

■ 9 


378 

73.6 

May 

91 

160 


421 

82.0 

June 

mSSm 

155 

216 

471 

91.7 

July 


186 


518 

100.9 

August 


189 

mim 

563 

109.6 

September 


178 

274 

658 

108.7 

October 


168 


574 


November 


209 


652 

127 .tJ^ 

December 

mm 

232 


702 

136.7 

Total 

■ 

... 


6162 « 

1200.0 

Average monthly total 

iHI 

1 


513. A 

mm 


Exhibit 150. — Computation of seasonal variation by the method olnmnthly totals. 
(To simplify the illustration, only three years have been used. OrdiAi^lw. the period 
should be longer in a practical problem.) 


If, instead of the totals of each month, the average of each month | 
is used in column B, the same results are obtained. ' 

The method of monthly totals of computing seasonal variation gives, 
undue weight to the data of the years in which the greatest a^iount of 1 
activity occuhs, for those years will have the greatest effect on the IQg^mthly . 
totals. Thus, in the example just given, the year 1936 was a very poor 
year, especially during the first half, and as a result the monthly totals 
for the early months are less than they would be under more normal 
circumstances. Again, the last months of 1938 were much higher tt^ 
usual, so ^hat these monthly totals are larger than they would be under 
more normal circumstances. 
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Thk-^ne^od does not allow for the trend. Consequently, in the 
above case, there is an ^^nuat trend increment^' in the monthly totals 
which causes the first months of the year to be less than they would other- 
wise be, and, similarly, which causes the last months of the year to be 
larger than they would otherwise be. In applying this index to deter- 
mine what the sales would have been if no cyclical influences were present 
(that is, if seasonal and trend influences alone had been present) it is 
necessary to adjust the datum of the average month of the year instead of 
the actual datum of each month. The application of seasonal indexes 
in this manner is discussed on pages 336 to 339.^ 

The advantages of this method are that it is simply computed, easily 
imderstood, and may be readily interpreted. It should be appreciated 
that for purposes of illustration, a very simple example is used in Exhibit 
150, and that ordinarily a three-year period is too short for practical 
purposes. Three-year periods are usually influenced too much by erratic 
and cyclical influences to give dependable seasonal indexes. 

Ratios-to-trend Method. — ^The method of monthly totals or monthly 
averages does not directly give any consideration to the trend which may 
be in the data. The ratios-to-trend method is one of the simplest of the 
commonly used devices for measuring seasonal variation which takes the 
trend into consideration. The steps in the calculation of seasonal varia- 
tion by this method are as follows: 

1. Arrange the unadjusted data by years and months as in the A columns of 
Exhibit 151. 

2. Compute the trend value for each month ((quarter, week, etc.) as in the B 
columns of Exhibit 151. 

3. Express the data for each month as a percentage ratio of the corresponding 
trend value (see C columns, Exhibit 151). 

4. Total the January ratios, the February ratios, etc., found in Step 3 (see column 
D, Exhibit 151). 

6. Find the average ratio for each month (see column E, Exhibit 151). 

6. Adjust the average ratios found in Step 5 so that they will themselves average 
100 per cent (see column F, Exhibit 151). (The method of doing this is described in 
the succeeding section, pages 319 and 320.) 

^ Instead of finding the arithmetic average of the ratios tq trend, some- 
times the median is foimd. The choice may depend upon .ckcumstances, 
but there is a preference for the median if several erratic r^p^ are found. 
In fact, if a fairly large number of years is used in the computation, it 
is not uncommon to omit extremely erratic ratios from /Hie computation 
of the average of monthly ratios. In Exhibit^451, only ijiree years have 
been used* (to simplify the illustration). Only the i^iiiithmetic average 
should be used for a small number of years. 

^ In using this reference, note carefully the footnote on p. 337. 
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The ratios-to-trend method has, like the monthly totals method, the 
advantage of simplicity and ease of interpretation. Although it makes 
allowance for trend, it may be influenced by errors in the calculation 
of the trend. Thus, if the trend had been erroneously computed in the " 
preceding example, some or all of the ratios would be affected. If the 
error is in the slope of the trend, then an error will appear in all the ratios; 
if the error appears in the computation of certain trend points, then only 
those ratios are affected which arc based upon the erroneous trend 


Month 

A 

Actual sales 
(thousands 
of dollars) 

B 

Trend values 
(thousands 
of dollars) 

_____ 

a 

Percentage 
ratios to 
trend 

D 

Total 

E 

Average 

ratios 

(per 

cent) 

F 

Seasonal 

index 

adjusted 

(per 

cent) 

1936 

1937 

1938 

1936 

1937 

1938 

1936 

. 

1937 

1938 

January. . . . 

12^ 

213 

275 

120 

180 

240 

104 

118 

115 

337 

112 

113 

February . . . 

104 

176 

235 

125 

185 

245 

8;i 

95 

96 

274 

91 

92 

March 

101 

163 

185 

130 

190 

250 

78 

86 

74 

238 

79 

80 

April 

95 

151 

216 

135 

195 

255 

70 

77 

85 

232 

77 . 

78 

Mav 

105 

172 

149 

140 

200 

260 

75 

86 

57 

218 

73 

74 

June 

120 

193 

242 

145 

205 

265 

83 

94 

91 

268 

89 

90 

July 

240 

226 

277 

150 

210 

270 

160 

108 

103 

371 

124 

126 

August 

147 

236 

203 

155 

215 

275 

95 

no 

74 

279 

93 

94 

September. . 

143 

230 

286 

160 

220 

280 

89 

105 

102 

296 

99 

100 

October .... 

164 

222 

316 

165 

225 

285 

99 

99 

111 

309 

103 

104 

November. . 

190 

250 

342 

iro 

230 

290 

112 

109 

118 

339 

113 

114 

December . . 

219 

326 

396 

175 

235 

295 

125 

139 

134 

1 

398 

133, , 

CTusii.- 

1 135 


Exhibit 151. — Computation of seasonal ratios by ratios-to-trend method. (In order 
to simplify the illustration only three years have been used. Ordinarily, a seasonal index 
should be based upon a longer period.) 


values. The ratios-to-trend method also may be undesirably influ^iU56d 
by pronounced cyclical and erratic influences. ..This spurce of- po^ible 
error is theoretically eliminated by the selection- of a period- of time: iri 
which depression is offset by prosperity, so that the repeated observations 
establish average ratios which approximate normal. 

Adjustment of Seasonal Ratios to Average 100 Per Cent.— Seasonal 
ratios, since they represent deviations from normal conditions, represtot 
a complete seasonal cycle which recurs each year; that is, they giyeV 
numerical expression of a decline below the basic trend, a return to tr^d, 
a rise, above trend, and a second return to trend according to the; ^easom 
of the year. As a result of this pendulumdike. movement,. .they shof^d- 
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average 100 per cent. If the seasonal ratios do not average 100 per cent, 
it is customary to adjust them, however they may have been obtained, 
so that they will average 100 per cent. This is done by dividing the 
seasonal ratio for each month (i.e.y 112, 91, 79, etc., in Exhibit 152) by 
the average seasonal ratio of all months (98.8 per cent in the example of 
Exhibit 152). The resulting adjusted seasonal index is shown in Column 
B of the table in Exhibit 152. 

The Ratios-to-moving-average Method. — The computation by this 
method is identical with the computation of the ratios-to-trcnd seasonal 
index just described, except that a moving-average trend is substituted 


Month 

A 

Seasonal 
ratios 
(per cent) 

B 

Adjusted 
seasonal 
index 
(per cent) 

January 

112 

113.3 


91 

92.1 



March. . .i 

79 

79.9 

April . . . «• 

77 

77.9 

May. 

73 

73.8 

June 

89 

90.1 

July 

124 

126.6 

August. 

93 

94.1 

September 

99 

100.2 

October 

103 

104.2 

November 

113 

114.3 

December 

133 

134.6 


Total of seasonal ratios 

1,186 

1200.0 

i 




Average seasonal ratio 98.8 per cent (1,186 12) 

Exhibit 152. — Adjustment of seasonal ratios to average 100 per cent. 


for the fitted trend used in the previous calculation. The moving- 
average trend values are found by computing moving averages on a basis 
of 12^ months (or four quarters for quarterly data), see B columns, 
Exhibit 163. In centering the average of each year interval, it will be 
found that the central month includes one-half of two months. For 
example, in centering the average of 12 months- beginning with January, 
it will be found that the central month includes one-half of Jime and one- 

' Obviously, a trend computed on the basis of a 12-month period does hot meet the 
requirements of a basic trend, as discussed in Chap. XIV. In reality, the 12-mpnth 
movu^faverage is a composite of all the factors but the seasonal factor — that is, it 
in^v^ef^lgud^oycHcal, and erratic factors. It is adequate as a base, however, up^n . 
wtilejo 
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half of July. To center ^ moving averages on the full months, quarters, 
etc., it is necessary to average the computed moving averages in pairs, as 
was explained in Chapter XIV (pages 294 and 295) in the discussion of 
recentering the moving average of an even number of items. 

After the moving average has been obtained, the actual items in the 
original data are expressed as percentages of the corresponding moving- 
average items as in the C columns. Exhibit 153, and averages of all the 
January ratios, all the February ratios, etc., are obtained as illustrated in 
column JE. As a final step, these averages or typical ratios are adjusted 
proportionally so that they average 100 as in column F.’ 


4 

Month 

A 

Monthly sales 
(index 
numbers) 

B 

Moving 

average 

(rccentcrcd) 

c 

Ilatios to mov- 
ing average 
(per cent) 

D 

Total 

E 

Average 
ratio 
(per cent) 

F 

Seasonal 

index 

adjusted 

(percent) 

1926 

1927 

1928 

1926 

1927 

1928 

1926 

1927 

1928 

January. . . . 

87 

81 

85 

92 

11 


95 

81 

85 


87 

86.7 

February. . . 

72 

74 

69 

93 

1 ! 


77 

73 

69 

219 

73 

72.8 

March 

85 

88 

HQ 

94 

B 1 


KQ 

87 


266 

89 

88.7 

April 

106 

122 

116 


1 !' 


112 

121 

115 

348 

116 

115.6 

May 


97 

96 

95 

1 1' 


104 

95 

95 

294 

98 

97.7 

June 

106 

115 

119 

97 

1 1 ' 

101 

109 

113 

118 

340 

113 

112.6 

July 


83 

84 

98 

1 

■Pli] 

81 

82 

84 

247 

82 

81.7 

August 

68 

75 

72 

98 

1 1 ' 

99 

69 

74 

73 

216 

72 

71.8 

September.. 

96 



98 

1 ! ' 

■rai 

98 

99 

■PTi 

Bsa 

101 

100.7 

October .... 

105 

Ira 


99 


101 

106 

102 

99 

WB 

102 

101.6 

November. . 

mm 

IBf: 

110 




102 

108 

mm 

319 

106 

106.6 

December. . 

175 

166 

158 




175 

166 

155 

496 

165 

164.5 


Exhibit 1531^ — Computation of seasonal variation by ratios-to-moving-average method. 
(In order to simplify the illustration, only three years have been used. Ordinarily a 
seasonal index should be based upon a longer period.) The data in the A eolumns and the 
moving average in the B columns are shown graphically in Exhibit 157 on page 327 (see 
years 1926 to 1928 on the chart). 


A seasonal index computed by the ratios-to-moving-average method 
shows the average difference between the unadjusted data and the moving 
average. Such an index for the data of Exhibit 157 (page 327), for 
instance, would show the average difference between the sales curve 
and the moving average. 

The index obtained by the ratios-to-moving-average method ordi- 
narily does not fluctuate so much as the index based on straight-line 
trends. Mathematical methods of avoiding the effects of the business 

* For explanation of the adjustment to average 100, see discussion of Exhibit 152. 
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cycle are not usually neei^^hffhr the 12-month moving average follows 
the cyclical course' of the actual data quite closely. Therefore, the 
index ratios are often more representative of the data frqm which they 
are obtained than is the case in the ratios-to-trend method. 

The Link-relative Method. — One of the best known methods of 
computing seasonal indexes is the link-relative method.^ The process, 


Monthly Pio-iron Production in the United States 
Seasonal Variation by Method of T^ink Relatives 


Year 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

Jan. 

% 

% 

% 

% 

% 

% 

% . 

% 

% 

% 

% 

% 

% 

1903 


94 

114 

101 

106 

08 

02 

102 

00 

02 

73 

81 


1904 

109 

131 


107 

99 

84 

86 

106 

116 

107 

102 



1905 

no 

EM 

121 

99 

102 

91 

97 

106 

103 

108 

08 

102 


1906 

101« 

92 

113 

96 

101 

94 

102 

96 

102 

112 

100 

102 


1907 

99* 

92 

109 

100 

104 

97 

101 

100 

97 

107 

78 

67 


1908 

85* 

103 

114 

94 

101 

94 

112 

112 

104 

111 

101 

no 


1909 

103* 

95 

107 

95 

108 

103 

100 

107 

106 

100 

wm 

103 


1910 

99* 

92 

109 

95 

96 

95 

95 

98 

08 

102 

91 

03 


1911 

99* 

101 

122 

94 

92 

95 

100 

107 

103 

106 

95 

102 


1912 

101* 

102 

114 

99 

106 

97 

90 

104 

08 

100 

08 

106 


1913 


92 

107 


103 

03 

07 

100 

99 

102 

88 

80 


1914 

95i 

100 

124 

97 

92 

92 

102 

102 

94 

04 

85 



1915 

105* 

105 

123 

102 

107 

105 

108 

108 

103 

no 

97 



1916 

99» 

97 

108 

97 

104 

96 

100 

99 

100 

no 

94 

96 


1917 

99« 













Medians 


1 ! 

114 

x98 


95 

100 

tm 


107.5 

96 



Chain r^tives 


tm 

109.4 

107,2 


104.4 

104.4 

107.5 


116.7 

112 

114.2 

113.6 

Adjusted 



107.1 

103.8 

105.4 

08^.8 

97.6 

90.6 

99.6 

106.5 

100.7 


100 

0 . Seasonal index 

98.7 

93.7 

105.7 

102.5 


97.5 

96.3 


08.3 

105.1 

09.4 




Exhibit 154. — Computation of seasonal variation by the link-relative method. 


however, is somewhat more complex than those just described. The 
computation (assuming monthly data) is as follows: 


1. Divide each January figure (actual data) by that for the preceding December. 
Divide each February figure by that for the preceding January. Divide each March 

'figure by that for the preceding February, and so oif. throughout the entire series. 
These ratios or percentages are called '*link relatives.” Place the link relatives in 
12 eolumns, one containing all the ratios of January to December, another containing 
. a)l those of February to January, and so on, as shown in Exhibit 154. 

2. The next step is to select a typical link-relative item which will represent each 
iiaonthly group. The item selected is usually the median, although an arithmetic 
average is ordinarily more appropriate when the number of observations is small. 
Mediw link relatives are shown in the row designated “Medians” in Exhibit 154. 

8. Each median Hnk relative shows the typical relation of each month to the pre- 
7 cecfing month. The next step is to relate the median Jink natives to a common base, 


tivw may be compared with perom|tage.ie]atiyest in l^bit 60, p. 119. 


























TIME SERIES-SEASONAL VARIATION 


323 


for which the month of January may be chosen; this/nonth then becomes the starting^ 
point or 100 per cent. The resulting percentages, obtained by relating each median 
link relative to the common basis of reference,, are known as “chain relatives.” The 
January chain relative will, of course, be 100 per cent, since this is assumed as the 
starting point or basis of reference. The February chain relative will be the same 
as the February median link relative (being the February median link relative multi- 
plied by the January chain relative, or 100 per cent). The March chain relative 
is the March median link relative multiplied by the February chain relative. The 
April chain relative is the April median link relative multiplied by the March chain 
relative. Continue this process of multiplying the median link relative for each 
month by the chain relative for the preceding month. Chain relatives are shown in 
Exhibit 154 in the row designated “Chain relatives.” 

4. The new January chain relative, obtained by multiplying the old January 
median link relative by the December chain relative (see last column in the row of 
chain relatives in hixhibit 154), usually does not equal the original January chain rela- 
tive of 100 per cent; this is due to long-time trend and other influences. If the trend 
is in arithmetic progression, the discrepancy may be corrected as follows: Divide the 
discrepancy by 12. (This discrepancy is 13.6 per cent in lOxhibit 154.) If the trend 
is upward, subtract ^ from February, from Maroh^ from April, etc., until finally 
IJ of the increment is subtracted from December. (See row designated “Adjusted” 
in Exhibit 154.) The adjustment is made by addition if the trend is downward. 
If the adjustment must be made in geometric progression,^ or some other curve form, 
an accurate adjustment is more difficult, but the process just described may be used 
as an approximation which is satisfactory for most practi(*.al business purposes. 

5. The series of adjusted chain relatives gives each month as a percentage of 
.January. The next step is to reduce these values to percentages of the average 
monthly figure in a normal year. To do this, merely average arithmetically the 
figures for the 12 months (in the row designated “Adjusted” in Exhibit 154) and 
divide each monthly figure by this average, as described previously on pages 319 
and 320. The final result in each case will be the index of seasonal variation for 
that month. The final seasonal indexes are shown in the last row of Exhibit 154. 

This method gives reasonably satisfactory results, as its popularity . 
attests. Probably the greatest points in its favor are that it is not 
dependent upon the trend calculations, and the influ ence of the business 
cycle is minimized by the use of month-to-month ratios, as there is not 
likely to be marked cyclical change from one month to the next. That 
is, the use of link relatives places the prosperity relationships on a basis 
comparable with the depression relationships. The entire process, after 
the period has been selected, is mechanical to a marked degree, making 
the computations simple to perform, although the process is rather 
cumbersome. It should be appreciated that the chain multiplication 

^A more accurate adjustment for geometric progression is as follows: If the 
amount of the error in each median link relative is d, and the new January chain 
relative is A (expressed in decimals, and not as a percentage — that is, llip.5% is 
written 1.106), then A « (1 + d)” By the, use of logarithms (1 + d) ii^ found 
readily from the above equation: The February chain relative is now divided by 
(1 -h d), the March chain relative by (1 + d)*, the April chain relative by (1 + d)», 
etc., until finally the December chain relative is divided by (1 + d)»^ 
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.ma^^umulative errors possible to an extent which cannot be estimated 
or allowed for, because the errors themselveslnay be inherent in the data 
used. 

Changing Seasonal Variation. — ^As previously implied, the problem 
of gradually changing seasonal distributions is often of considerable 
importance. Within a period long enough to give reliability to seasonal 
measurements, the seasonal movement may have noticeably changed 
(see Exhibit 156). The seasonal variation in gasoline consumption, 
for instance, is relatively less at the present time than it was 20 years 



Exhibit 156. — It can bo aeon from the above unadjuated data that the seasonal variation 
in gasoline has been decreasing relatively over the period. 


ago because of. the improvement of roads, which allows relatively more 
winter driving than was foririerly possible. In an analysis of very recent 
developments or in a forecast, it is important to have the seasonal index 
up to date. This may make necessary the computation of a changing 
seasonal index, or the computation of a separate set of seasonal percent- 
ages for each year. 

The determining of a changing seasonal inde^ is not so difficult as 
it sounds, for the same link relatives, ratios to trend, etc., may be used 
as the basis for this new type of index. For example, let us suppose 
that the ratios of the actual December sales to the trend points for Decem- 
ber in a certain department store have steadily risen since 1920, but that 
the similar ratios for the summer months have steadily decBned, This 
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would indicate that December is becoming seasonally more important, 
and summers less so. To measure a possibly changing seasonal index 
wo may chart the ratios for each separate month, and determine their 
trend by a free-hand curve, or moving average. These ‘trends would 
then indicate the values of the ratios which were ‘typical” for each 
year, and the process of adjusting them to an average of 100 per cent 
could be carried out for each year separately. The actual-to-moving- 
average ratios are probably better suited to this process than are those 
of the ratios-to-trend method because of the disturbing influence of 
the business cycle in the latter. Link relatives may also be successfully 
useid to measure shifting seasonal distributions, although the necessary 
separates chain multiplications, trend corrections, etc., are laborious. 

Use of the Seasonal Indexes. --The seasonal indexes themselves, 
once obtained, may be used in an intensive study of the seasonal move- 
ments. Seasonal movements may be examined (1) as to their causes, 
(2) as to the likelihood of change, or (3) as to the possibility of changing 
them, perhaps by advertising pressure (e.gf., “Do your Christmas shop- 
ping early ’0* it may be that the results of the business cycle are being 

studied, in which case it is ordinarily desirable to (eliminate the purely 
normal seasonal effects entirely from the data, so that other effects stand 
out in bold relief. 

Synthetic use of the seasonal index appears in the adjustment of com- 
puted trend ordinates to “normal.^' The normal values are computed 
by multiplying the trend figures by the proper seasonal percentages. 
Thus, if the computed trend ordinate for January shows sales of $100,000, 
and the seasonal percentage is 110, the normally expected January 
would be $110,000. Such a process is an essential part of many fore- 
casts, as will be explained in succeeding chapters. 

Eliminating Effects of Seasonal Variation. — ^As indicated previously, 
it is often desirable to study data without the influeiKje of seasonal varia- 
tion, and in order to do so, it is necessary to eliminate the seasonal effects. 
This is done in various ways. Two of the most common methods are:' 
(1) by dividing by the seasonal index; and (2) by use of a moving average.- 
IJach of these methods of eliminating the influence of the recurring sea- 
sonal variation will now be briefly considered. , 

1. Dwision by the Seasonal Index . — This method of eliminating the 
effect of seasonal influences is to divide each actual observed item by its 
corresponding seasonal factor. Thus, in Exhibit 156, the actual data 
shown in column A are divided by the seasonal indexes shown in column 
B and the results are the corrected data, as shown in column C. This 
method of eliminating the seasonal variation is simple. Moreover, it 
possesses the sometimes desirable characteristic of leaving the trend 
undisturbed. In Exhibit 166, it is easy to see from the last column, 
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which shows the corrected data, that the business progressed up until 
May, and that it declined somewhat during the remainder of the year. 
(It will be noted that if the seasonal index is greater than 100 per cent, 
the corrected value is less than the original data, and vice verm,) 

2. Correction by Moving Average , — It is possible to eliminate seasonal 
influence from a series by computing a moving average of exactly one 
year's duration throughout the data. The method is somewhat more 
laborious than the preceding method, but possesses the desirable char- 
acteristic of being flexible. Since the computation of the moving average 
has been illustrated previously, it need not be repeated again at this 
point (see page 294). It should be noted that the moving average is 


Month 

A 

Actual data 

B 

Seasonal index 
(per cent) 

C 

Corrected data 

January 

$381,000 

117.6 

$324,000 

February 

313,000 

94.6 

331,000 

March 

283,000 

84.9 

333,000 

April 

268,000 

79.6 

337,000 

May 

302,000 

86.7 

348,000 

June 

312,000 

91.1 

342,000 

July 

332,000 

96.4 

344,000 

August 

366,000 

104.3 

340,000 

September 

331,000 

99.0 

334,000 

October 

337,000 

102.6 

328,000 

November 

362,000 

112.3 

322,000 

Deceiriber 

328,000 

130.9 

251,000 


Exhibit 156. — Eliminating seasonal elTocts by dividing through by an index of seasonal 

variation. 


the corrected data (see Exhibit 157). There are no subtractions, nor 
divisions, as was necessary in the first method for eliminating the effect 
of the seasonal variation. 

Seasonal Indexes Usually on a Monthly Basis. — A very large pro- 
portion of the studies involving measurement of seasonal variation are 
on a monthly basis. The month is ordinarily short enough to reflect 
successively the changes that take place in business conditions, without 
concealing the timing of such changes or omitting their minor turns; 
and it is usually long enough to give a representative picture of current 
business. Again, handling monthly data is not too laborious a process, 
and the methods available are well adapted for use on monthly data. 

However, there are times when time series should be studied on a 
weekly, biweekly, bimonthly, or quarterly basis; and there are cases 
in which analysis must be based on an average working day, rather than 
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on the month as a unit. All of the methods described in this chapter will 
work satisfactorily on most monthly, bimonthly, or quarterly data. 
However, both laboriousness and opportunities for error increase rapidly 
in these methods as the periods studied become shorter. 

Seasonal Indexes for Weekly Data. — There is a demand for up-to-the- 
minute analysis in some types of work, and weekly seasonal indexes are 
needed. Weekly periods are so short that unexpected weather condi- 
tions, a special holiday, or even a regular holiday which does not appear 


SHOE SALES- BOSTON DEPARTMENT STORES 
1924-1938 

1926-1928 MONTHLY AVERAGE *!00 


PER 

CENT 



DATA FROM TCDEWAL RESERVE OAKK OF BOSTON | 

Exhibit 157. — Eliminating seasonal variation by use of a 12-moiith moving average. 

the same week each year often requires a current adjustment in the 
seasonal index for the week. 

The usual methods will work fairly well on 13 four-week periods, 
covering the year; and it is not difficult to estimate roughly what propor- 
tion of a given four-week period should fall in each of the weeks. It is 
not inconceivable that months should be subdivided in this way, too, 
when necessary. 

Questions and Problems 

1. Name several industries and lines of business that are particularly affected 
by the characteristics of different seasons of the year. 

2. In obtaining a seasonal index, can cyclical and erratic influences be largely 
eliminated? How? 

8. How do variations in lengths of months affect the determination of a monthly 
seasonal index? How can the influence of trend be eliminated from the seasonal 
index? 
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4 . Discuss the problem of choosing the proper period from which to obtain the 

seasonal index. • 

5 . Name four methods of measuring seasonal variation. 

6 . State the procedure in obtaining a seasonal index by the method of monthly 
totals or monthly averagess. What arc two important shortcomings of this method? 

7. How is the seasonal index calculated in the method of ratios to trend? Dis- 
cuss the strong and weak points of this method. 

8 . What is the purpose of adjusting computed seasonal ratios to average 100 per 
cent? How is this done? 

9. How is the ratios-to-rnoving-average seasonal index computed? How does 
this method differ from that of ratios to trend? 

10 . State each step in the method of link relatives as used in seasonal-index 
computation. 

11 . Can changing seasonal variations be measured and a changing index be 
obtained? How? 

12 . How can seasonal indexes be used in analyzing business activities? 

13 . Describe two methods of eliminating the effects of seasonal variation from 
time-series data. 

14 . Discuss the advisability of using monthly, weekly, biwcickly, or bimonthly 
indexes of seasonal change. 

16 . Sales of the Means Shoe Company for the years 1930-1937 w(ire (in thousands 
of dollars): 


Year 

1st quarter 

2d quarter 

3d quarter 

4th quarter 

Total 

1930 

46 

52 

37 

66 

201 

1931 

34 

38 

43 

60 

175 

1932 

28 

41 

42 

71 

182 

1933 

41 

56 

48 

73 

218 

1934 

50 

58 

44 

76 

228 

1935 

42 

70 

71 

94 

277 

1936 

54 

83 

66 

98 

301 

1937 

63 

80 

58 

94 j 

295 


Compute the seasonal variation: 

а. By the method of quarterly (monthly) totals. 

б. By the ratio-to-trend method. (Use yearly totals to compute trend ordinates 
by method of least squares.) 

c. By the ratio-to-moving-average method. (Use a 4-quarter moving average.) 

d. By the link-relative method. 

e. Eliminate the effects of the seasonal influence from the actual data (i.e., correct 
for seasonal influence), using successively each index obtained. 

Note. — Quarterly indexes ordinarily arc not so desirable as monthly indexes when 
analyzing seasonal influences in business data. Quarterly data are used in this 
problem, however, so that the student may practice all four methods described ki the 
chapter, without performing the volume of computations which would be necessary 
if monthly data were used. 

16. From the monthly sales data (in millions of dollars) of Jamison Department 
Store compute the index of seasonal variation: 

a. By the method of monthly totals. 

b. By the link-relative method. 
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Month 

1933 

1934 

1935 

1936 

1937 

January 

16 

24 

26 

1 30 

33 

February 

17 

23 

25 

29 

31 

Mandi 

17 

27 

34 

1 38 

40 

April 

19 

27 

36 

1 

44 

May 

24 

32 

37 

47 

. 46 

June 

24 

29 

32 

49 

48 

July 

21 

23 

30 

41 

37 

August 

27 

27 

32 

42 

40 

September 

29 

32 

37 

50 

46 

October 

33 

36 

46 

60 

54 

November 

34 

35 

43 

51 

52 

December 

39 

44 

53 

68 

63 


In part o what factor influenced the data for whicli no adjustment was made? 

IT. 1 <>om the (lata Kiv<*n in Pro})lcrn 16, Chapter XI II, page 284, computer the 
s(?asonal variation in the sales of S('ars Uoehuek and Co. by the link-relative method. 

18 . From the following data compute the s(\a.sonal variation in the sales of electric 
power for domestic use. Use the method of ratio-to-tnmd and compute the trend 
by the metliod of h'ast stpiares. 


Sales of Ki.ectuic Power for Domestk? Skrvkib 
(Tn billions of kilowatt-hours) 


Month 

1934 

1935 

1936 

January 

1.24 

1.32 

1.47 

February 

1.12 

1.21 

1.34 

March 

1.06 

1.13 

1.25 

April 

1 .03 

1.10 

1.22 


.97 

1 .06 

1.17 


.97 

1.06 

1.14 

July 

.96 

1.05 

1.16 

August 

.96 

1.07 

1.18 

September 

1.02 

1.14 

1.26 

October 

1.08 

1.19 

1.32 

November 

1.17 

1.29 

1.42 

December 

1.22 

1.37 

1.48 






Average Monthly Sales 
(In billions of kilowatt-hours) 


1930 

.92 

1931 

.98 

1932 

1.00 

1933 

1.00 

1934 

1.07 

1935 

1.17 

1936 

1.28 


Source: The Edison Electric Institute. 

Carry all computations in billions of kilowatt-hours to two decimal places and in 
V**rcentagos to one decimal place. 




CHAPTER XVI 


TIME* SERIES— BUSINESS CYCLES AND ERRATIC MOVEMENTS 

In the two preceding chapters the methods have been described for 
measuring trend and seasonal variation — two of the four general move- 
ments found in business time series. These two movements are assumed 
to be regular in their characteristics. Together they establish a '' nor- 
mal” for the series. The other two movements, the cyclical and erratic, 
will be discussed in this chapter. 

Good and Bad Times or Business Cycles. — Previous illustrations 
have indicated in a general way how business passes from periods of good 
times or prosperity, into periods of bad times or d(jpression, and back 
again. The shaded curve in Exhibit 168 shows this continued recurrence 
of changes from good to bad times and back again in general business 
for the period from 1830 to 1937, inclusive. This constantly recurring 
movement, swinging from a period of prosperity with its optimism, 
speculation, and expansion, down to the trough of depression, with its 
pessimism, low profits, business failures, and unemployment, and back 
again, is commonly referred to as the ‘‘business cycle.” Business cycle 
is simply a convenient term for expressing the recurrence of good and 
bad times. ^ 

There are four well-defined periods or phases in the business cycle — 
namely: (1) prosperity, (2) decline, (3) depression, and (4) improvement 
(Exhibit 159). Each phase changes gradually into the phase which 
follows it, in the order given. 

In the 'prosperity phase of the business cycle the public is optimistic. 
Business is booming, prices are high and profits are easily made. The 
inferior business man believes himself to be a business genius. Money 
is relatively plentiful for commercial transactions, though the speculator 
usually finds it increasingly difficult to raise funds because banks ordi- 
narily withdraw money from speculative uses to meet the growing 
demands of business men. 

This expansion of business eventually leads to an overdevelopment. 
It is then difficult to secure deliveries, and there is a shortage of trans- 
portation facilities, which has a tendency to cause large inventories 

^For references to specialized information on business cycles see Elected 
Bibliography of the Literature on Economic Fluctuations, 1930-1036/' Review of 
Economic Statietice, Vol. XIX, No. 1, Part 2, Februiiry 1037. 
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PROSPERITY 



PEPRESSION 


to be accumulated during the time of highest prices. Wages increase 

and labor efficiency decreases. The strong demand for money causes 

interest rates to rise to a high level, while doubt enters the banker^s 

mind as to the advisability of granting further loans. This situation 

causes business men to make price concessions in order to secure the 

necessary cash. Then follows the expectation of further reductions 

and the situation becomes worse instead of better. Buyers wait for 

lower prices, and orders booked at high 

prices are canceled. Inventories become 

frozen and loans cannot be paid. Interest 

rates continue to increase. Prices drop, 

and business experiences a decline. If we 

have a very severe financial strain and an 

ExwBiT isfl.-Pcriods or phases in unusiially drastic liquidation of securities 
the business cycle. . 

and commodities, we expenence a panic. 

The decline is followed by pessimism in trade and industry; factories 
close, businesses fail, there is widespread unemployment, while wages 
and prices are low. This characterizes the period of depression. If 
the decline in business is only slight, the situation is ordinarily rirferred 
to as a recession instead of a depression. 

After^ a period of rigid economy, liquidation, and reorganization, 
nipney accumulates and seeks a use. Then follows a period of increasing 
business activity with rising prices, or a period of improvement or recovery. 

The improvement period gradually develops into the prosperity 
period, and we have completed a business cycle. The movements dis- 
cussed above are constantly repeated in the order given as the cycle 
completes its swing every few years. 

It is important at the outset that the student of business cycles appre- 
ciate the cumulative character of decline and recovery — that is, unem- 
ployment leads to reduced consumption, reduced consumpt^n to 
increased unemployment, etc., and vice versa. It is because of this charac- 
teristic of cyclical movements that efforts to stabilize business, even 
though relatively small volumes are brought under control, may be more 
effective than is now generally realized. 

The ‘‘General 9usmes8” Cycle, — ^This discussion of cyclical charac- 
teristics and tendencies is based on a study of “general business'' cycles 
as distinguished from cycles of certain types of business activities. - 
“General business'' may be said to refer to an average of business as a 
whole. Cycles of inclividual industries may vary considerably from the 
average in both length and amplitude, and this should be taken into 
consideration when analyzing a particular business or line of business. 

Major and Minor Cycles; Length of j|p||iinea9 Cycles. — For many 
puiposes, the fluctuations in general business acj|^ivity should be con- 
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sidered from the point of view of major and minor cycles. Part of our 
business activity. is characterized by great swings of from 15 to 20 years 
in length, while part of it is characterized by short swings of only a few 
years in length. The net effect of this condition is that we have an 
unusually prosperous period and an unusually severe depression about 
once every business generation. 

The shaded curve in Exhibit 158 shows the minor cycles ^swinging 
from prosperity to dc'pression and back again every few years. An 
index of building cycles is also shown on the chart, and this index may 
be taken as indicative of the major cyc^lical movements in business 
activity. When like mov(nncnts in major and minor cych^s (coincide, we 
have an extreme situation, whether it be prosperity or depression. The 
severity of the depression during the years from 1930 to 1935 and in 1937 
and 1938, as well as the weakness of the prosperity of 1936 and early 
1937, may be said to be due to the fact that these minor cycles occurred 
during a general depression period in the major cycle. 

Major cycles have varied in lengtli, frdm one depression to another, 
during the past 100 years about as follows (in years): 13, 21, 14, 22, 18, 
and 17 (see Exhibit 158). The shaded curves in Exhibit 158 indicates 
that, in the case of minor cy(4es, it is, as a rule, from three to four years 
from one depression to another. 

Causes of cyclicjal movements will be discussed from time to time, 
but at this point the student should appreciate that, whatever they are, 
the causes favorable to business and the causes unfavorable to business 
accumulate in such a way that they cause the recurring fluctuations 
described above. 

Psychology of the Business Cycle.- -A depression is often said to 
be caused by a ‘Moss of business confidence'' which has followed a boom 
period of “overconfidence." It cannot be denied that popular psychol- 
ogy has a lot to do with business cycles. Undue optimism attends a 
boom and undue pessimism prolongs a depression. But what causes 
the recurring optimism and pessimism? What is back of men's opinions 
regarding the economic ^situation? 

In a period of depression, pessimism prevails and the tendency is to 
underexpand. The crowd is very cautious, prices are low, and transac- 
tions are few. In a period of prosperity, the tendency is to overexpand; 
prices are high and transactions are many. There are, however, always 
a few far-sighted business men who understand the psychology of the 
crowd, and who are able to make their decisions unbiased by its 
influence. 

When prices are rising and business is increasing, the crowd is opti- 
mistic and believes that prosperity is ahead, even after business has 
become greatly inflated. When prices are falling and business declines, 
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the crowd is pessimistic long after the bottom has been reached. The 
crowd, therefore, is always wrong in judging its position in the business 
cycle. 

The fact that the crowd is always wrong in judging its position in 
the business cycle has much to do with the fact that there is a business 
cycle. Why is the crowd always wrong? Why are only a few men right? 
It is not chance that determines who is right and who is wrong. The 
principal reason that the crowd is wrong is that it is misinformed, which 
causes grave errors to be made regarding present and future production 
and markets. Lack of information and wrong information are the chief 
difficulties. With the proper information, however, the individual 
executive must be able and willing to make the right application in his 
own particular business. 

Control of the Business Cycle. — One of the most noteworthy of 
modem economic objectives is the partial control of business cycles 
by manipulating the causes — that is, by offsetting unfavorable tendencies 
in one direction with compensating movements in the other. During 
recent years, interest in economic and business planning on a broad scale 
has rapidly increased with the many efforts of individual business men, 
trade associations, Federal and state governments, civic organizations, 
and others to at least reduce the fluctuations of the cycle of business as a 
whole with the general objective, in turn, of reducing especially the 
unemployment and failures in business during periods of depression. 

The severity of the depressions of the 1930's emphasizes that such 
control is becoming more and more important. The higher proportion 
of our annual expenditures now spent for luxury and semiluxury goods, as 
compared with former periods, increases the sensitiveness of our economic 
structure. It has not been possible, however, for national business 
planning to advance much beyond the theoretical stage, and one of the 
greatest impediments to its progress is the lack of adequate statistical 
information. To make the necessary statistical analyses requires data 
extending over considerable periods of time, and the increasing activity 
of business concerns, trade associations, trade papers. Federal and 
state governments, and other organizations, in compiling and distributing 
statistical information will make possible some much needed analyses 
and indicate the nature and extent of the needs for further data. And 
then, if control is to be effective, business men and others must take action 
in accordance with the indications of the data, accelerating production, 
for instance, when stocks are declining and unfilled orders are increasing, 
and holding back production when the data indicate that production is 
getting too far ahead of the market. 

In connection with the above statement, it should be emphasized 
that the problem of control or stabilization is not merely that of accelerate 
ing certain lines of business during a period of depression. The chief 
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problem is, in fact, that of retarding activity at certain times in order to 
prevent overproduction and inflation. When conditions are allowed to 
develop in such a way that a ‘‘house cleaning’^ becomes necessary and 
inevitable, the acceleration of public expenditures may only “prolong the 
agony.” There are, of course, many factors whinh are difficult, if not 
impossible, to control, and these vary in number and importance from 
one period to another. It is obvious, however, that regulation of the 
factors that can be controlled will be very effecliv'e in reducing the ampli- 
tude of the waves in l)usiness conditions. 

Erratic Movements. — It is necessary to differentiate between the 
business cycle and movements which are variously termed “erratic,” 
“random,” or “accidental.” Random movements are those changes in 
business activity caused by such events as wars, strikes, floods, earth- 
quakes, and the like. Thus, increased activity was noted in the lumber 
industry immediately after the Japanese earthquake in 1923. Other 
examples are the unprecedented drought of 1930, the uncertainties 
caused in the same year by new uprisings in China, revolutionary dis- 
turbances in India, and the overthrow of several South American govern- 
ments, and the more recent difficulties in Germany, Italy, and Spain. 
Erratic^ movciinents are very irregular, and they are not recurring by 
nature. 

Quantitatively, it is very difficult to disassociates the erratic^ move- 
ments and the business cycle as pointed out previously. The reasons 
for recognizing the erratic movements an'.* first, to suggest that on 
occasion it may be possible' to exfflain certain movements in the data 
as due to specific causes, and thus to simplify further analysis; and 
sec^ond, to emphasize the fact that predictions of economic conditions 
are always subject to a degree of error owing to the unpredictable erratics 
influences which may enter. Early in 1930, for instance, analysts 
who were forecasting conditions for the year did not predict as severe 
a depression for the later months of the year and for the year 1931 as 
actually occurred, due (in part at least) to the fact that the unusual 
drought and the difficulties in China, India, and South America, men- 
tioned above, and other difficulties abroad could not be foreseen. 

Business Cycle Measurements. — Nearly every published curve 
or series which is supposed to measure the business cycle is really a 
combination of cy(?lical and erratic movements. This is usually unavoid- 
able. The curves are generally used as measures of the deviation of 
business from normal levels, and therefore must show both movements. 
Labeling such indexes “business cycles” is perhaps unfortunate, as their 
movements are not exclusively cyclical; they are a mixture of both cyclical 
and erratic tendencies. ' 

^ If adverse erratic movements occur at a time when business activity is on the 
decline or at a low level, further declines and a general loss of confidence are likely to 
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Separate measurement of cyclical and erratic fluctuations is seldom 
attempted. There is no definite line of demarcation between cyclical 
and erratic movements, and there are no adequate methods of separating 
them. To obtain a better idea of the major movements, a moving 
average is frequently used to “scatter’^ unusual peaks or valleys. How- 
ever, this does not eliminate the erratic movements. 

Business Cycles Measured from “NormaL” — Business cycles (includ- 
ing erratic movements) are commonly measured in relation to normal.'^ 
Normal, as has been explained previously, is the basic trend with the 
corresponding seasonal variation. Though the term normal is some- 
times applied to the basic trend alone, what the business man ordinarily 
has in mind when he speaks of normal is not only the position of the long- 
time growth (or change), but also the condition due to seasonal factors. 
Normal^ therefore, is the basic tr end combined wi th the usual seaso nal 
variatio n. It is the course that business would^^hava-takeiiJiadJhc only 

1 influences beem th osfri ES rtr naAi s c d lon g-4mr6"growth j^n d seas^ change s. 
The deviations from normal are business cycles and erratic; movements. 
In measuring cyclical and erratic movements, therefore, it is practical 
and convenient to state them in percentages of, or in deviations from, 
normal. In Exhibit 160, the upper graph shows the normal for Los 
Angeles building permits. In the lower graph, each month is stated as a 
percentage of the corresponding point on the normal The lower 

graph, therefore, shows the cycles of Los Angeles building permits 
(including erratic movements). This procedure of stating cycles in 
terms of normal is ordinarily referred to as*^'^ eliminating trend and 
seasonal variation.'^ 

Computing Deviations from Normal— Let us assume that in a 
particular month a certain railroad loaded 9,900 cars of freight. Analysis 
of the records showed that the proper trend item for that month was 
10,000 cars, and that the seasonal index was 90 per cent. Obviously, 
a normal month would have meant the loading of 9,000 cars (90 per cent 
of 10,000). The actual figure of 9,900 cars is 10 per cent above normal; 
cyclical and erratic factors having accounted for the extra 900 cars. 
Similar analysis may be made for each month in the entire series. 

Another illustration is. shown in Exhibit 161. The columns headed 
‘‘ Trend and Seasonal index'' include trend and seasonal items com- 
puted from data covering a period of several years. For purposes of 
illustration, data for two years only are shown. Normal figures for 

follow. Then it is particularly difficult to distinguish the extent to which the low 
levels are due to the business cycle and the extent to which erratic movements have 
influenced business activity. Although the depression of the early 1930’s was a stage 
^ of the business cycle, it is probable that the extent and depth of this depression was 
^caused in part by adverse erratic occurrences. , 
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each month are obtahu'd by multiplying the proper Hcaaonal and trend* 
factors together; in the example each monthly item in column B is 
multiplied by the corresponding value in column C and the resulting nor- 
mal values are shown in column D. The actual data are then expressed 
as percentages of normal, as shown in column E. The percentage 



Exhibit IfiO. — “ Normal” with actual data (upper graph) ; and ” business cycles” expressed 
in relation to normal (lower graph). 


deviations of the actual data above or below normal are shown in column 
E, which is the final measure of the cyclical and erratic movements 
in the series. 

Precisely the same result as was obtained above might be secured by 
successively dividing out trend and seasonal variation from the observed 
values. A third process, which is somewhat of a short cut, is to reduce 

‘ Where the method of monthly (quarterly) totals or monthly (quarterly) averages 
is used in obtaining the index of seasonal variation, each seasonal-index item should 
be multiplied- by the average monthly (quarterly) trend ordinate of the year, instead 
of by each monthly (quarterly) ordinate of trend, because the average month (quar- 
ter) of the year is the basis of reference in computing the index. 
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the actual items to percentages of the trend, and then subtract the 
seasonal percentages to obtain percentage deviations from normal. 


Year 

and 

month 

A 

Actual 

data 

(thousands 
of dollars) 

B 

Trend 
(thousands 
of dollars) 

C 

Seasonal 
index 
(per cent) 

D 

Normal 
(thousands 
of dollars) 

E 

Actual 
data as 
percentages 
of normal 

F 

Percentage 

deviations 

from 

normal 

1036 

January 

38 

37 

95 

35.2 

108.0 

+ 8.0 

February . . . 

41 

38 

97 

36.9 

111.1 

+11.1 

March 

46 

39 

101 

39.4 

116.8 

+16.8 

April 

50 

40 

102 

40.8 

122.5 

+22.5 

May 

45 

41 

101 

41.4 

108.7 

+ 8.7 

June 

42 

42 

99 

41.6 

101.0 

+ 1.0 

July 

41 

43 

96 

41.3 

99.3 

“ -7 

August 

39 

44 

95 

41.8 

93.3 

- 6.7 

September . . 

47 

45 

102 

45.9 

102.4 

+ 2.4 

October 

49 

46 

103 

47.4 

103.4 

+ 3.4 

November . . 

46 

47 

103 

48.4 

95.0 

- 5.0 

December. . . 

47 

48 

106 


92.3 

- 7.7 

1937 

January 

42 

49 

95 

46.6 

90.1 

- 9.9 

February , . . 

44 

50 

97 

48.5 

90.7 

- 9.3 

March 

51 

51 

101 

51.5 

99.0 

- 1.0 

April 

52 

52 

102 

53.0 

98.1 

- 1.9 

May 

51 

53 

101 

53.5 

95.3 

- 4.7 

June 

48 

54 

99 

53.5 

89.7 

-10.3 

July 

43 

55 

96 

52.8 

81.4 

-18.6 

August 

45 

56 

95 

53.2 

84.6 

-15.4 

September . . 

52 

57 

102 

58.1 

89.5 

-10.5 

October 

56 

58 

103 

59.7 

93.8 

- 6.2 

November . . 

56 

59 

103 

60.8 

92.1 

- 7.9 

December. . . 

62 

60 

106 

63.6 

97.5 

- 2.5 


EbcHiBiT 161. — Determination of cylical fluctuations of (or elimination of trend and sea- 
sonal variation from) monthly sales of Smith & Company. (Data hypothetical.) 


This process is not sufficiently accurate, however, unless the seasonal 
items are all very close to 100 per cent. 

The effects of cyclical and erratic fluctuations can be measured either 
in absolute quantities or as percentages of normal. The latter device 
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is the one usually adopted, for two reasons: First,^ i t gives a measure of 
the intensity of the cyclical and erratic influences which is comparable 
to those of the same series at other times, irrespective of whether the 
amount of business has grown or declined. Semnfi^ there are reasons 
for believing that cyclical and erratic influences of equal intensity 
tend to add or subtract similar percentages of the normal business. 
For example, assume a case of department store sales for November 
and December, where the November normal may be $100,000 and that 
for December $150,000. If the prevailing cyclical tendency is toward 
prosperity, and both months are above normal, December will tend 
to gain $150 for every $100 gained by November. In other words, 
similar cyclical influences tend to increase the volume by the same 
percentage, rather than by the same amount. It is, therefore, ordinarily 
desirable to follow the practice of measuring cyclical and erratic movev 
ments as percentages of normal. 

Comparing Cyclical Relationships between Different Series. — In the 

preceding discussion, the cyclical and erratic movements were stated 
in terms of percentage deviations from normal. In analyzing cycle 
relationships between different series, it is advantageous to chart both 
series on a comparable basis, in order to observe the degree of similarity 
in their movements. 

Some series are more sensitive to economic conditions than are 
others. Stores handling luxuries show higher extremes of prosperity 
and depression than grocery stores, which deal largely in necessaries. 
It would be quite difficult to compare the cyclical fluctuations in two 
series closely when one fluctuates 50 per cent and the other 10. To 
compare such series, it is necessary to reduce their fluctuations to about 
the same average amplitude. This can be done by reducing the percent- 
age deviations of each series to terms of the average deviation or the 
standard deviation.^ 

The reduction of series to terms of its average deviation or the more 
commonly used standard deviation is a simple process. To convert 
percentage deviations to terms of their average deviation or standard 
deviation, divide each of the percentage deviations by the corresponding 
average deviation or standard deviation, as in Exhibit 162. 

The difficulty of accurately comparing curves of widely varying 
percentage deviations when studying business cycles is illustrated in 
Part A, Exhibit 163, which shows two series in terms of their percentage 

^ When data are in terms of percentage deviations, A. D. is obtained by taking an 
arithmetic average of the percentage deviations from normal, irrespective of plus or 
minus signs. S. D. is obtained by squaring each percentage deviation, averaging the 
squares, and taking the square root of that average (see pp. 217-221, particularly 
the second footnote p. 219). 
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Year and quarter 


1937 
First . . 
Second 
Third. 
Fourth 

1938 
First . . 
Second 
Third. 
Fourth 


Percentage 
deviation 
from “normal” 


Percentage deviation Percentage deviation 
divided by divided by 

average deviation standard deviation 

(A.D. « 8.4) (S.D. = 8.7) 



Exhibit 162. — Stating a scries in terms of its A.D. and S.D. 


COMPARISON OF THE SALES OF THE MAIN STREET 
FURNITURE COMPANY WITH GENERAL BUSINESS 
CONDITIONS, 1932-1938 


A.-OATA IN TERMS OF PERCENTAGE 
OCVIATIONS FROM NORMAL 


B.-DATA IN TERMS OF STANDARD 
DEVIATIONS FROM NORMAL 

STANDARD 
DEVIATIONS 
+ 2 


jCCNCRAL BUSINESS \ ! 

MAIN STREET FURNITURE i / 
COMPANY *S STORE i | / 


1932 1933 1934 1935 1936 1937 1938 



1932 1933 1934 1935 1936 1937 1938 


Exhibit 163. — Series expressed in terms of percentage deviations (A) and standard devia- 
tions (B). {DaJla adapted,) 
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deviations. Part B, Exhibit 16§, illustrates how much easier it is to 
compare cycles when they are expressed in terms of their standard 
deviations. 

Correcting Time Series for Trend and Seasonal Variation in Correla- 
tion Analysis. — Inspection of Part A, Exhibit 164, shows that there is 
probably some relation between sales of the Williams Department Store 
and bank debits, but it is not clear. To make it easier to judge the degree 
of correlation between the cyclical movements of the two scries, several 
adjustments or corrections are necessary. First of all, one of the series — 
Williams Department Store sales — has a decidedly upward trend over 
the 11-year period, while the other curve — bank debits — does not have 
such a marked trend. Accordingly, the trend should be removed from 
both scries. The correction for trend has been made in Part B, Exhibit 
164. 

After the removal of the trend from both curves the degree of cyclical 
correlation is still not clear. Further corrections must be made before 
the cyclical movernemts can be properly correlated. Study of the two 
(iurves will indicate that there is a decided seasonal variation in Williams 
Department Store sales and some seasonal variation in bank debits. If 
these seasonal variations are alike, the degree of cyclical correlation is 
likely to be overestimated in curves from which the seasonal variation has 
nol been removed. If tlu^ seasonal variations are greatly different, it is 
easy to conclude, when studying curves from which the seasonal variation 
has not been removed, that there is no correlation present when there 
may be a considerable degree of correlation in the cyclical movements. 
Part C, Exhibit 164, shows the two curves after the seasonal variation 
has been removed. 

Removal of the seasonal variation results in a clearer representation 
of the’rclation between the two curves. One more adjustment is neces- 
sary, however, before making a final estimate of the degree of correlation 
between the cyclical movements of the two series. The amplitude of 
fluctuation in bank debits is much less than the amplitude of fluctuation 
in department store sales (see Part C, Exhibit 164). The two series 
should be adjusted in such a manner that their fluctuations are about 
equal in amplitude.^ In Part D, this has been done by reducing the 
data to terms of their standard deviations. 

The degree to which two curves, when the corrections above noted 
have been allowed for, coincide with each other and tend to move in 

' The scales of two historical curves may be so adjusted that their fluctuations will 
appear equal by using the method described in connection with constructing a scatter 
diagram.* Any basis which is satisfactory for one type of chart is also satisfactory 
for the other. The range, interquartile deviation, average deviation, or standard 
deviation are proper, with the degree of scientific exactitude increasing for the different 
methods in the order named. 
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the same (or the opposite) directions at the same time and to the same 
extent, determines the degree of association between their cyclical move- 
ments. If one of the curves practically coincides with the other there 



would be a high degree of direct correlation; if the curves appear to be 
imrelated in their movements, there is a low degree of correlation or none 
at tdl. . 
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Forecasting in Terms of Standard Deviations from Normal. — In 

estimating future conditions it is often useful to determine a mathe- 
matical forecast in terms of the standard deviation (or average deviation) 
from normal. For example, if a change of one standard deviation is 
expected in one series, say building permits, the change in a firm^s sales 
that are dependent upon building activity may also be anticipated as one 
standard deviation. This does not necessarily mean that there will be 
the same perc^entage deviation of change in both series. As pointed out 
previously, tlie standard deviation for one series may be 5 per cent, 
while in the other series it may be 10 per cent. Yet the two series 
may fluctuate together wIhui a change of one standard deviation in the 
former (6 per cent) is accompanied by a change of one standard devia- 
tion (10 per cent, in this case) in the latter. Thus, the similarity in the 
fluctuations of the two series <^an best be seen when they are reduced to 
terms of their own standard deviations, for, in this example, a change of 5 
per cent in the one series is relatively just as important as a change of 10 
per cent in the other. 

After determining the existence of a relationship between two series 
such as that suggested above, it is often possible to measure the changes 
taking placje in one series in terms of its standard deviation, and then 
forecast the changes in th(^ other series. Thus, if a decrease in building 
permits to 7^ per cciiit below normal occurs, this will be stated as 1.5 
standard deviations, if 1 standard deviation is 5 per cent. If it has been 
found that the business of the individual company in the following 
period will follow the change in permits and fall off in a similar degree of 
1.5 standard deviations, then a (diange to 15 per cent below normal may 
be expected in the latter series (assuming that 10 per cent is a standard 
deviation for this latter series). 

In the following chapter (Chapter XVII), other examples of related 
business data that are useful in business forecasting will be given, and 
the use of these relationships in forecasting work will be further explained. 

Significance of Irregular Residuals. — Not infrequently the deviations 
from normal in a series will be very irregular, fluctuating violently from 
month to month, yet maintaining noticeable general cyclical swings. In 
such cases, it is often desirable to smooth out the irregularities by means 
of a centered three- or five-month moving average, or a repeated two- 
month or a repeated four-month moving average. The shorter the period 
of a satisfactory moving average, the greater its current significance will 
be, and it is sometimes desirable to give extra weight to the middle item 
of such a movinfe average. As a smoothing device the repeated two- 
month or repeated four-month (centered) moving average is very 
effective. This can be appreciated by referring to Exhibit 165, in which 
a four-year repeated moving average (that is, a four-year moving average 



U4 


BUSIlfESS SfATiBTiCS 


of a four-year moving average) was used to indicate the tendencies of 
the long swings in building activity.^ 

Irregular cyclical residuals are characteristic of some series, where 
the data are themselves of a fluctuating nature. This is especially likely 
to exist when the series is composed of the data of a small community or a 
small business. In data which are wide in scope, to which many busi- 
nesses or many communities contribute, minor irregularities tend to be 
averaged out. However, an irregular series of deviations from normal 
may indicate inadequate or inaccurate statistical work, particularly in 
computing the seasonal index. The use of an ordinary seasonal index on 



Exhibit 165.-^EliminatiiiK violent fluctuations by means of a repeated four-item moving 
average (centered) for the purpose of indicating more clearly the major movements. 


a series whose seasonal distribution is changing would cause very notice- 
able irregularities in the cyclical curve. 

Analysis of the data by periods of single days, weeks, or even months 
in some cases, may cause uneven cyclical-erratic residuals, because of the 
shortness of the period. In most studies of the general business cycle, a 
month is long enough to be truly representative; but in exceptional 
instances weekly and even daily observations must be made. In studying 
long swings like those of the building cycle (see Exhibits 168 and 166) 
a year is not too long a unit. 

ft 

^ While the illustration in Exhibit 165 presents deviations from normal, it will be 
appreciated that the moving average will have the same smoothing effect upon 
actual data. 





TIME SERIES— BUSINESS CYCLES AND ERRATIC MOVEMENTS 345 

Construction of Composite Business Curves* — In order to secure 
repres(intativeness, most of the best known indexes of general business 
conditions are made up of more than one series of data. The usual proc- 
ess in constructing these composite curves is to analyze separately each 
series used in making the curves, obtaining the ''cyclical” residuals in 
terms of percentage deviations from normal. These are then converted 
to terms of their respecjtive standard deviations from normal to provide 
a sort of "common denominator^” for the different series, and the devia- 


A Composite Business Cuuve Based on Bank Debits and Car Loadings for 

Blank City 


Year and quarter 

Series in percentage 
deviations from 
normal” 

Series in units of 
standard deviations 

Composite curve 
in units of 
standard 
deviations 
from "normal” 

Bank 

debits 

Car 

loadings 

Bank 

debits 

S. D. 

= 4.1%* 

Car 

loadings 

S. D. 

= 5.9 %♦ 

1935 


i 




First 

~5.2 

-8.1 

-1.27 

-1.37 

-1.32 

Second 

-4.7 

-5.7 

-1.15 

- .97 

-1.06 

Third 

-3.2 

-2.2 

- .78 

- .37 

- .58 . 

Fourth 

-O.S 

+1,0 

- .20 

+ .17 

- .01 

1936 






First 

-hl.G 

+2.2 

+ .39 

+ .37 

+ .38 

Second 

+4.2 

+5.1 

+1.02 

+ -86 

+ .94 

Third 

+6.1 

+7.8 

+1.49 

+1.32 

+1.40 

Fourth 

+3.4 

+6.3 

+ .83 

+1.07 

+ .95 


* S. D. for each series is based iipon a lonper period tlian that shown in the table. 

Exhibit 166. — Computation of a composite curve. 


tions may then be averaged or weighted and averaged readily, month by 
month, week by week, etc. 

The example of Exhibit 166 will help to clarify the process. In this 
case we are attempting to get an accurate measure of business conditions 
by averaging the deviations from normal (1) of bank debits and (2) of 
railway car loadings. The two years’ data shown in the table are taken 
from an analysis covering a period of nine years, and the standard devia- 
tions shown have also been computed over a nine-year period. A glance 
at the two series of percentage deviations shows that their fluctuations 
are very similar as to direction and time, but that the car-loading series 
fluctuates to a somewhat greater extent. If the percentage series were 

^ Or average deviations when desirable. See footnote on p. 219 relative to the 
• term "standard error of estimate.” 
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averaged directly, the car-loading series would have a greater influence on 
the composite curve than would bank debits. Although it may some- 
times be desirable to give extra weight to one series or another, such 
weighting should be done only after careful consideration. 

Computation of a Business Index. — For the purpose of reviewing the 
entire process of computing and eliminating trend and seasonal variation 
in analyses of cyclical movements, the computation of a simple index of 
business conditions for the United States, based upon automobile 
production and steel ingot production, will now be described and illus- 
trated. The computation will be illustrated for the automobile produc- 
tion series only, and the combination of the two series will be illustrated 
graphically in Exhibit 172. 

The first step was to determine the basic trend. This was done by 
fitting a straight line by the method of least squares to the annual aver- 
ages of the monthly items, as Illustrated in Exhibits 167 and 168, on 
pages 349 and 360. Exhibit 167 shows the computation for an odd 
number of years, while Exhibit 168 shows the computation for an even 
number of years. The increment computed in Exhibit 168 was used in 
computing the index in Exhibit 171. In Exhibit 168, the annual averages 
of the monthly items were listed chronologically in column Y, The 
mid-point of the series in units of one year was found to be the last 
half of 1927 and the first half of 1928, and the distance from the mid- 
point, in units of one year, was recorded as shown in column x. Then 
these items were squared as shown in column x^. Next the products 
of the X items and the Y items were listed in the xY column and their 
algebraic sum was found. The sum of the xY column was then divided 
by the sum of the x^ column, and the quotient (7,084.95) is the annual 
increment, as shown at the bottom of the table. As the algebraic sum 
is positive, the slope of the trend is upward. The monthly increment is 
one-twelfth of the annual increment,^ or 590.41, as shown. The mid- 
point value was found simply by determining the arithmetic average of 
column Y as shown at the bottom of the table. 

As shown in the table, the last half of 1927 and the first half of 1928 
represent the mid-point year. The mid-point month obviously lies at 
the middle of this year, which is between December and January. In 
other words, the middle month of the year is from December 16 to 
January 15, if the number of years is even, as is the case in Exhibit 168. 

^ This is the annual increment from the monthly average of one year to the monthly 
average of the next, and it should not be confused with the annual increment of the 
total yearly figures. If the annual totals are used instead of the annual averages of the 
monthly items, the annual increment will have to be divided by 144 instead of 12 to 
obtain the monthly increment. In the illustrations throughout this discussion tl^ 
averages were used. ^ 
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Therefore, it is necessary to adjust the mid-point values so that they 
will be representative of the full months of December and January. 
This was done as follows: From the mid-point of the series, one-half a 
monthly increment was subtracted to find the ordinate for December, and 
one-half an increment was added to find the ordinate for January. Then, 
starting with December (or January), the monthly increment was sub- 
tra(;ted successively to get the ordinates for the previous months, and was 
added successively to get the trend ordinates for the following months. 
This arithmetic straight-line trend is illustrated graphically in Exhibit 
133, page 287. 

If the number of years used in determining the trend had been odd, 
the computation would have been made as illustrated in Exhibit 167. 
The principal differen(?(is between computing a trend for an even number 
of years and for an odd number of years api)ear in column x and in the 
computation of the mid-point. In this illustration (Exhibit 167) the 
mid-month is from June 16 to July 15, instead of December 16 to January 
15, as was the case in Exhibit 168.^ 

If it has been desirable to use a compound-interest curve, the trend 
would have been determined as illustrated in Exhibit 169. In this 
exhibit, the logarithms were substituted for the data and the computa- 
tions were carricKl through in the same manner as described in connection 
with Exhibit 168. Then, after the trend was stated in terms of loga- 
rithms, the data were converted back to natural numbers. This is 
illustrated for June in the last two columns of hixhibit 169.- 

The next major step was the determination of the seasonal variation. 
In this case, two different seasonal indexes were computed for the auto- 
mobile produ(;tion series — one based on the period from January 1918 
to December 1934, inclusive, and one based on the period from March 
1935 to March 19J8, inclusive. The two indexes are necessary because 
of the abrupt change that took place in the seasonal variation in 1935. 
Both indexes were computed by the method of link relatives. The 
percentage that each month is of the preceding month is shown in the 
upper part of the table of Exhibit 170, page 352. These link relatives 
were arranged so that all of the Januarys are in one column, all of the 
Februarys in another, and so on. Then, to determine the 1918^1934 


^ It is interesting to note that the annual increment determined in Exhibit 167 is 
5,313.92, whereas in Exhibit 168, the annual increment is 7,084.95. Likewise, the 
monthly increment is 442.83 in Exhibit 167 and is 590.41 in Exhibit 168. This illus- 
trates the possible effect of the addition of data for one year (1918 in this case) upon the 
slope of the trend line, and emphasizes the necessity for exercising careful judgment in 


determining basic trends. 

^ * It will be noted that a compound-interest trend, which is a straight line on a 

^imi-logarithmic chart, has as its mid-point a geometric mean rather than an arithmetic 
^Rean. 



348 


BUSINESS STATISTICS 


index, the median link relatives were found and recorded in the row 
designated ‘‘Medians/’ These median link relatives show the average 
relation of each month to the preceding month. In order to show the 
relation of each month to the January median link relative, the ratios 
were converted to chain relatives, as shown in the row designated “Chain 
relatives.” It will be remembered that the process of converting the 
link relatives to chain relatives is to take January as 100 and then 
multiply each median link relative by the chain relative determined for 
each preceding month. That is, the chain relative for January is 100, 
and for February is, of course, the same as the median link relative. 
Then, in Exhibit 170 (first index), the March chain relative is the product 
of the Februjjry chain relative multiplied by the March link relative, 
or 118 times 126, which is 148.7, and so on. 

In computing the first index in Exhibit 170, it was found that the chain 
relative at the end of the year was 4.0 per cent too high, because of trend, 
etc. That is, when the new January was determined by multiplying the 
December chain relative by the old January link relative (89.7 X 116), 
the result was 104.0 instead of 100. This discrepancy was corrected 
according to the method previously explained — that is, by deducting 
from February 1/12 of the discrepancy; from March 2/12; and, finally, 
from December 11/12, so that the adjusted indexes appear as in the row 
designated “adjusted,” and the new January is 100, which is the same 
as the first January, The adjusted chain relatives give each month as a 
percentage of January. To reduce these values to percentages of the 
average monthly figure in a normal year, the 12 items were averaged,^ 
and each item was then divided by this average, which gave the final 
index of seasonal variation, as expressed in the upper one of the two rows 
designated “Seasonal index” (Exhibit 170). 

The same procedure was used in determining the Inarch 1935--March 
1938 index, except that arithmetic averages were used instead of medians 
because of the shortness of the period (see Exhibit 170). 

The third major step was to eliminate the trend and seasonal variation, 
or, in other words, to express the series as a comparison with normal. 
This was done as illustrated in Exhibit 171, page 363, which presents the 
computation in detail for the first two years and the last two years of 
the 1918-1937 period. First, the actual data were listed as shown in 
column A. Then, the monthly trend items were recorded in column B, 
and the seasonal indexes presented in Exhibit 170 were listed in column 
C. Normal was then computed, by multiplying the items in column B 
by t^ie items in column C, and entered in column D. The percentage 


^ The ‘*new January 100 as shown in ESxhibit 170 (see last figure in the row desig- 
nated “Adjusted”) is, of course, not included in the average. 
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Basic Trend — Arithmetic Straight-line Trend by Method of Least Squares 

(Odd number of years) 

Automobile Production in the United States 


Year 

X 

Monthly aver- 
age (number of 
vehicles) 

Y 

X 

X* 

xY 

1919 

161 , 133 

-9 

81 

-1,450,197 

1920 

185,612 

-8 

64 

-1,484,896 

1921 

133,069 

-7 

49 

- 931,483 

1922 

212,015 

-6 

36 

-1,272,090 

1923 

336,168 

-5 

25 

-1,680,840 

1924 

300,212 

-4 

16 

-1,200,848 

1925 

355,486 

-3 

9 

-1,066,458 

1926 

358,411 

-2 

4 

- 716,822 

1927 

283,444 

-1 

1 

- 283,444 

1928 

363,230 

0 

0 


1929 

446,535 

1 

1 

446,535 

1930 

279,666 

2 

4 

559,332 

1931 

199,145 

3 

9 

597,435 

1932 

114,223 

4 

16 » 

456,892 

1933 

160,005 

5 

25 

800,025 

1934 

229,426 

6 

36 

1,376,556 

1935 

328,911 

7 

49 

2,302,377 

1936 

371,211 

8 

64 

2,969,688 

1937 

400,797 

9 

81 

3,607,173 

Total 

" '57218"699 


570 

3,028,935 


Mid-point 5,218,699 -s- 19 =274,668.37 

Annual increment 3,028,935 ^- 570 = 5,313.92 

Monthly increment 5,313.92 12 = 442.83 


Mid-point of series lies midway between June and July of the middle year of the 
series, therefore, 

442 

June 1928 = 274,668.37 - = 274,446.95 

July 1928 = 274,668.37 + = 274,889.79 

Exhibit 167. — Computation of arithmetic straight-line trend for automobile production 
in the United States from 1919 to 1937, inclusive (odd number of years). Compare with 
Exhibit 168 which shows this computation for an oven number of years for the same series. 

that each monthly item in column A varied from the normal item in • 
column D was then computed and recorded in column E. In Part A, 
Exhibit 172, page 354, normal for this series is shown with the actual 
data. In Part C, the percentage deviations from normal are presented. 
The next step iti the computation illustrated in Exhibit 171 was to reduce 
the percentage deviations to terms of their standard deviation. 
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Basic Trbnd — Abithmetic Straight-line Trend by Method of Least Squares 

(Even number of years) 

Automobile Production in the United States 


Year 

X 

Monthly aver- 
age (number of 
vehicles) 

Y 

X 

t 

xY 

1918 

97,557 

-9.5 

90.25 

- 926,791.5 

1919 

161,133 

-8.5 

72.25 

-1,369,630.5 

1920 

185,612 

-7.5 

56.25 

-1,392,090.0 

1921 

133,069 

-6.5 

42.25 

- 864,948.5 

1922 

212,015 

i -5.5 

30.25 

-1,166,082.5 

1923 

336,168 

-4.5 

20.25 

-1,512,756.0 

1924 

300,212 

-3.5 

12.25 

-1,050,742.0 

1925 

355,486 

-2.5 

6.25 

- 888,715.0 

1926 

358,411 

-1.5 

2.25 

- 537,616.5 

1927 

283,444 

-0.5 

.25 

- 141,722.0 

1928 

363,230 

0.5 

.25 

181,615.0 

1929 

446,535 

1.5 

2.25 

669,802.5 

1930 

279,666 

2.5 

6.25 

699,165.0 

1931 

199,145 

3.5 

12.25 

697,007.5 

1932 

114,223 

4.5 

20.25 

514,003.5 

1933 

160,005 

5.5 

30.25 

880,027.5 

1934 

229,426 

6.5 

42.25 

1,491,269.0 

1935 

328,911 

7.5 

56.25 

2,466,832.5 

1936 

371,211 

8.5 

72.25 

3,155,293.5 

1937 

400,797 

9.5 

90.25 

3,807,571.5 

Total 1 

5,316,256 


665.00 

4,711,493.0 


Mid-point 5,316,256 -5- 20 =265,812.80 

Annual increment 4,711,493-5- 665 = 7,084.95 

Monthly increment 7,084.95-5- 12 = 590.41 


Mid-point of the scries lies midway between December and January of the middle 
year of the series, therefore, 

RQO 4.1 

December 1927 = 265,812.80 - = 265,517.59 

RQO 41 

January 1928 = 265,812.80 -f = 266,108.01 

Exhibit 168. — Computation of arithmetic straight-line trend for automobile production 
from 1918 to 1937, inclusive (even number of years). Compare with Exhibit 167 for odd 
number of years for same series. (This increment is used in computing the business index 
in Exhibit 171, which is presented graphically in Exhibit 172. The straight-line trend com- 
puted above is shown graphically in Exhibit 133, page 287.) 

Percentage deviations are reduced to standard deviations as follows: 
Each of the percentage deviations is squared (column F). The sum 
of these squares is divided by the number of months in the series and 
the square root of the qiiotient is extracted. The resulting figure is the 
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Basic Trend — Compound-interest Curve by Method op Least Squares 
(Odd number of years) 

Automobile Production in the United States 


Year 

X 

Monthly 
average 
(number of 
vehicles) 

Y 

Log Y 

X 

X* 

X (log Y) 

Log 

trend 

June 

figures 

Trend 

June 

figures 

1919 

161,133 

5.20718 

-9 

81 

-46.86462 

5.33107 

214,323 

1920 

185,612 

5.26861 

-8 

64 

-42.14888 

5.33960 

218,675 

1921 

133,069 

5.12407 

-7 

49 

-35.86849 

5.34813 

222,910 

1922 

212,015 

5.32637 

-6 

36 

-31.95822 

5.35666 

227,334 

1923 

336,168 

5.52656 

-5 

25 

-27.63280 

5.36519. 

231,841 

1924 

300,212 

5.47744 

-4 

16 

-21.90976 

5.37372 

236,440 

1925 

355,486 

5.55082 

-3 

9 

-16.65246 

5.38225 

241,130 

1926 

358,411 

5.55438 

-2 

4 

-11.10876 

5.39078 

245.910 

1927 

283,444 

5.45247 

-1 

1 

- 5.45247 

5.39931 

250,790 

1928 

363,230 

5.56019 

0 

0 


5.40784 

255,764 

1929 

446,535 

5.64985 

+1 

1 

5.64985 

5.41637 

260,838 

1930 

279,666 

5.44664 

+2 

4 

10.89328 

5.42490 

266,011 

1931 

199,145 

5.29917 

4-3 

9 

15.89751 

5.43343 

271 ,288 

1932 

114,223 

5.05775 

4-4 

16 

20.23100 

5.44196 

276,669 

1933 

160,005 

5.20413 

+5 

25 

26.02065 

5.45049 

282,156 

1934 

229,426 

5.36064 

4-6 

36 

32.16384 

5.45902 

287,755 

1935 

328,911 

5.51708 

4-7 

49 

38.61956 

5.46755 

293,460 

1936 

371,211 

5.56962 

4-8 

64 

44.55696 

5.47608 

299,288 

1937 

Total 

400,797 

5.60292 

102.75589 

4-9 

i 

570 

50.42628 

4.86247 

5.48461 

j 305,218 


Log mid-point 102.75589 19 = 5.40820 

Log annual increment 4 . 86247 570 = . 00853 

IjOg monthly increment .00853 12 = .00071 

Mid-point of series lies midway between June and July of the middle year of the 
series, therefore, 

Ix)g of June 1928 = 6.40820 - = 5.40784 

Log of July 1928 = 6.40820 + = 5.40856 

Exhibit 169. — Computation of a compound-interest trend for automobile production from 
1919 to 1937, inclusive. (Same series as shown in Exhibits 167 and 168.) 

standard deviation. Then each of the percentage deviations (column 
E) is divided by this standard deviation, which expresses the series in 
terms jof its standard deviation from normal, as shown in column Cr. 

The curves in Part C, Exhibit 172, page 364, show not only the elimi- 
nation of trend and seasonal variation from automobile production, for 
which the computations have been shown in Exhibits 167 to 171, inclusive. 
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Seasonal Variation by the Method of Link Relatives 

Automobile Production in the United States 



Jan. 

Feb. 

March 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 



% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 


1918 

61 

116 

124 

116 

03 

83 

00 

76 

67 

84 

86 

146 


1010 

140 

122 

127 

113 

107 

04 

90 

mm 


115 

02 

85 


1020 

116 

100 

122 

76 

121 

mm 

03 

08 

92 

88 

82 

81 


1021 

40 

133 

159 

135 

103 

122 


102 

88 

93 

70 

68 


1022 


132 

145 

128 

117 

100 

88 

no 

75 

114 


07 


1023 


113 

120 

105 

mm 

06 

87 

105 

04 

112 

86 

98 


1024 

104 

116 

103 

08 

84 

80 


106 

EiilB 

wm 


88 


1025 

116 

118 

132 

116 

07 

05 

100 

65 

125 

136 

84 

85 


1026 

08 

118 

119 

101 

07 

01 

03 

no 


84 

77 

66 


1027 

142 

128 

120 

103 


80 

83 

115 

84 

84 

61 

00 


1028 

173 

140 

128 

00 

104 

03 

09 

118 

wm 

06 

65 

01 


1029 

171 

116 

126 

106 

97 


02 


83 

01 

57 

55 


1930 

228 

121 

120 

112 

95 


79 

84 

98 


89 

114 


1931 

110 

128 

126 

122 

04 

79 

87 

86 

75 

57 

86 

176 


1032 

08 

08 

101 

125 

124 

90 

60 

83 

93 

58 

122 

180 


1033 

120 

82 

100 

153 

122 

116 

92 

102 

82 

70 

45 

133 


1934 

193 

148 

147 

104 

94 

93 

86 

mm 

72 

78 

63 

184 


1935 

189 

115 

128 

106 

mm 

90 

03 

71 

37 

311 

145 

102 


1036 

00 

79 

146 

no 

92 

08 

97 

62 

50 

166 

176 

126 


1937 

76 

96 

136 

mm 

96 

la 

88 

00 

43 

193 

109 

01 


1038 

64 


119 











1018-1034 medians 

116 

118 

126 

112 

100 

03 

92 

100 

90 

88 

82 

97 


Chain relatives . . . 

100 

118 

148.7 

166.5 

166.5 

154.8 

142.4 

142.4 

128.2 

112.8 

92.5 

89.7 

104.0 

Adjusted 

100 

117.7 

148.0 

,166.5165.2 

153.1 

140.4 

140.1 

125.5 

100.8 

80.2 

86.0 

100.0 

Seasonal index. . . . 

77.0 

01.7 

115.3 

128.0 

128.7 

119.2 

100.4 

100.1 

97.8 

85.5 

69.5 

AT:? 


March 1035-March 














1038 average. . . 

76.7 

88.0 

132.2 

111.3 

80.3 

97.7 

92.7 

74.3 

43.3 

223.3 

143.3 

106.3 


Chain relatives . . . 

100.0 

88.0 

116.3 

129.4 

115.6 

112.0 

104.7 

77.8 

33.7 

75.3 

107.9 

114.7 

88.0 

Adjusted 

100.0 

89.0 

118.3 

132.4 

110.6 

117.9 110.7 

84.8 

41.7 

84.3 

117.0 

125.7 

100.0 

Seasonal index 

96.6 

86.0 

114.3 

127.9 

115.5 

jll3.9jl06.9 

81.9 

40.3 

81.4 

113.9 

121.4 



Exhibit 170. — Computation of automobile production seasonal variation by method 
of link relatives. Because of a decided change in seasonal variation early in 1935, two 
indexes have been computed for the period. The first index is based on the period from 
January 1918 to December 1934, and the second on the period from March 1935 to March 
1938. . 


but also the elimination of trend and seasonal variation from steel ingot 
production. Both series are shown in terms of their standard deviations 
from normal in Part D. The standard deviations are then averaged 
together as shown in Part E. The curve presented in Part E is the 
desired index of business conditions. 

The reader should fully appreciate that the purpose of calculating 
this simple index is to illustrate the method of computation, rather than 
to develop . a practical indicator of general business conditions. An 
index of general business ordinarily should include a more representative 
gtoup of series, and these require many preliminary corrections, adjust- 
ments, and analyses before they are combined. The question of trend is 
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“Elimination” of Trend and Seasonal Variation 

Automobile Production in the United States 


Year and month 

Produc- 
tion 
(num- 
ber of 
vehicles) 

A 

Trend 
(n\im- 
ber of 
vehicles) 

B 

Seasonal 
index 
(per cent) 

C 

"Normal” 
{B X C) 

D 

Peroentage 
deviations 
from 
normal 
(A -J- Z» - 
100 

E 

Percentage 

deviations 

squared 

F 

Cycles 
in S.D. 

(F -T- O') 
(o = 
40.98%) 

G 

1018 

January 

92.208 

195.259 

77.9 

152,107 

-39.4 

1,552.36 

- .961 

February 

106,962 

195,849 

91.7 

179,594 

-40.4 

1,632.16 

- .986 

March 

132,142 

196,440 

115.3 

226,495 

-41.7 

1,738.89 

-1.018 

April 

153,673 

197.030 

128.9 

253,972 

-39.5 

1,560.25 

- .964 

May 

143,003 

197.620 

128.7 

254,337 

-43.8 

1,918.44 

-1.069 

June 

118,859 

198,211 

119.2 

236,268 

-49.7 

2,470.09 

-1.213 

July 

118.060 

198,801 

109.4 

217.488 

-45.7 

2,088.49 

-1.115 

August 

89,542 

199,. 392 

109.1 

217,537 

-58.8 

3,457.44 

-1.435 

September 

59,555 

199,982 

97.8 

195.582 

-69.5 

4,830.25 

-1.696 

October 

50,311 

200.573 

85.5 

171,490 

-70.7 

4,908.49 

-1.725 

November 

43,244 

201 . 163 

69.5 

139.808 

-69.1 

4.774.81 

-1.686 

December 

63 . 127 

201.753 

67.0 

1.35.175 

-53.3 

2,840.89 

-1.301 

1919 








January 

93.779 

202,. 344 

77.9 

157.626 

-40.5 

1,640.25 

- .988 

February 

114,598 

202,934 

91.7 

186,090 

-38.4 

1,474.56 

- .937 

March 

146,091 

203.525 

115.3 

234,664 

-37.7 

1,421.29 

- .920 

April 

165,229 

204,115 

128.9 

263 . 104 

-37.2 

1,383.84 

- .908 

May 

176.484 

204,705 

128.7 

263,4.55 

-33.0 

1,089.00 

- .805 

June *. . . 

166.575 

205,296 

119.2 

244.713 

-31.9 

1,017.61 

- .778 

July 

164,831 

205,886 

109.4 

225.239 

-26.8 

718.24 

- .654 

August 

165,414 

206,477 

109.1 

225.266 

-26.6 

707.56 

- .649 

September 

180,786 

207,067 

97.8 

202,512 

-10.7 

114.49 

- .261 

October 

207.222 

207,657 

85.5 

177.547 

+ 16.7 

278.89 

+ .408 

November 

190,321 

208,248 

69.5 

144,7.32 

+31.5 

992.25 

+ .769 

December 

162,265 j 

208,838 

67.0 

139,921 

+ 16.0 

256.00 

+ .390 

(1920-1933 omitted 
from this table) 

1936 








January 

364,004 

322,787 

96.6 

311,812 

+ 16.7 

278.89 

+ .408 

February 

287.606 

323,378 

86.0 

278,105 

+ 3.4 

11.56 

+ .083 

March 

420,971 

323,968 

114.3 

370,295 

+ 13.7 

187.69 

+ .334 

April 

502,775 

324,559 

127.9 

415,111 

+21.1 

445.21 

+ .515 

May 

460,565 

.325,149 

115.5 

.375.547 

+22.6 

510.76 

+ .651 

June 

452,955 

.325.739 

113.9 

371,017 

+22.1 

488.41 

+ .539 

July 

440.999 

326,3.30 

106.9 

348,847 

+ 26.4 

696.96 

+ .644 

August 

271 .291 

326,920 

81.9 

267,747 

+ 1.3 

1.69 

+ .032 

September 

135 , 1.30 

327,511 

40.3 

131,987 

+ 2.4 

5.76 

+ .059 

October 

224,628 

328,101 

81.4 

267,074 

-15.9 

252.81 

- .388 

November 

394,890 

328,691 

113.9 

374,379 

+ 5.5 

30.25 

+ .134 

December 

1937 

January 

498,721 

329,282 

121.4 

399,748 

+24.8 

615.04 

+ .605 

380,055 

329.872 

96.6 

318,656 

+ 19.3 

372.49 

+ .47! 

February 

363,995 

330.463 

86.0 

284 , 198 

+28.1 

789.61 

+ .686 

March 

494,277 

331,053 

114.3 

378,394 

+30.6 

936., 36 

+ .747 

April 

536,339 

331,644 

127.9 

424.173 

+26.4 

696.96 

+ 644 

May 

516,919 

.3.32,234 

115.5 

383,730 

+34.7 

1,204.09 

+ .847 

June 

497,311 

332,824 

113.9 

379,087 

+31.2 

973.44 

+ .761 

July 

438,971 

,3.33,415 

106.9 

356,421 

273,5^ 

+23.2 

538.24 

+ .666 

August 

.394,330 

334.005 

81.9 

+44.2 

1,953.64 

+ 1.079 

September 

171.203 

3.34,596 

40.3 

134,842 

+27.0 

729.00 

+ .669 

October 

329,876 

335,186 

81.4 

272,841 

+20.9 

436.81 

+ 610 

November 

360.055 

335,776 

113.9 

382,449 

- 5.9 

34.81 

- 144 

December 

326.234 

336,367 

121.4 

408,350 

-20.1 

404.01 

- .490 


Exhibit 171. — In the above table the data are given for four years only as this will be 
sufficient to illustrate the method of eliminating the trend and seasonal variation from the 
automobile production data shown by the curve in Part A of Exhibit 172. The years 
included in this table are the first two and last two of the 1918-1937 period. The same 
procedure was, of course, followed for the other years and the resulting curves for the entire 
period tor columns i>, E, and G are shown in Exhibit 172. (See Exhibit 170 relative to 
the two seasonal indexes used above.) 
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INDEX OF BUSINESS CONDITIONS BASED ON 
AUTOMOBILE PRODUCTION AND STEEL INGOT PRODUCTION 

1918-1937 

THOUSANDS 

or CARS A.- AUTOMOBILE PRODUCTION- ACTUAL DATA WITH "NORMAL** 
600 




■ 


9||i||^i||| 


STANDARD 

DEVIATIONS 


Bz&ss§!Bsaa 


1918 1919 1920 1921 1922 1923 1924 1925 1926 1927 1926 1929 1930 1931 1932 1933 1934 1935 1936 1937 
ms 0.- STANDARD DEVIATiONS FROM "NORMAL” 







IRSB^S! 




STANDARD 

DEVIATIONS 


1918 1919 1920 1921 1922 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 1933 1934 1935 1936 1937 
>NS E.-AVERAGE OF THE TWO SERIES IN D. 



RRRSRSRSjS'RSwRSBBSBI 

iJAiMMirillBilUil 


1918 1919 1920 1921 1022 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 833 1934 1935 1936 1937 


IHIflBHiflB 


IBB BIBB BP 


IBBBBBBP^i^ 

liAl 

mnMiSjm 


ifA^B^JABH 





Exhibit 172. — Development of a simple index of business conditions. The index curve 
shown in Part E is an average of automobile production and steel-ingot production when 
expressed in terms of standard deviations from pormal. 
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particularly important. In the illujstratioii just presented (Exhibit 
171), a computed trend was used. Very often, however, a computed 
trend will not actually be the long-time trend, because of random varia- 
tions during the period. In fact, the computed trend in the illustration 
just presented is open to serious question because of the effect of the 
severe depression of the 1930^s. 

It Jias been the purpose of the last four chapters to describe some 
of the technical methods which are most useful in analyzing time series. 
The pra(!tical usefulness of these methods in making analyses of economic 
changes will be evidenced from time to lime throughout the remainder 
of this book, especially in the following chapter on Business Forecasting. 

Questions and Problems 

1. What is meant by the term '^business cycle”? 

2 . What are the four phases, or periods, of the business cycle? Describe each. 
Are the phases of equal diiration? Arc the entire cycles rcigular as to length? 

3 . Distinguish the ^'general business” cycle from cycles in certain industries. 

4 . Distinguish between major and minor cycles. 

6. How does overconfidence and loss of confidence affect the business cycle? 
Why is the “crowd” always wrong in its judgment of the position in the business 
cycle? 

6. Discuss the relation of erratic movements to cyclic^al movements. Are they 
usually measured separately? 

7 . Can business conditions in g<'neral be controlled or stabilized? Kxidain. 

8 . What is meant by “normal V business coiiditioris and Iiow may mathematical 
measurements of normal be made? 

9. Describe the process of obtaining percentage deviations from normal. What 
is the purpose of the process of reducing percentage devi.H,tions to units of standard 
deviation? IIow is this done? 

10 . Why is it sometimes desirable to forecast an individual concern ^s business in 
terms of standard deviations? 

11. Discuss the correction of time series for trend and seasonal variation in 
correlation analysis. 

12 . What is the significance of irregular residuals after trend and seasonal influ- 
ences have been eliminated? 

13 . Explain how composite business curves composed of two or more scries of 
data may be prepared. Desefibe the computation of a simple business index for the 
United States based on automobile production and steel-ingot production. 

14 . The quarterly sales (in thousands of dollars) of tlie Dandy Grocery Company 
for the years 1935-1938 were: 


Year 




4th quarter 

1935 

95 



97 

1986 

108 



120 

1937 

126 



126 

1938 

1 130 

HB9HI 


120* 


* Estimated. 
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From previous experience Mr. Dandy has determined the seasonal variation of 
his sales, computed by the link-relative method, to be: 


.i? Quarter 
P’irst. . . 
Second. 
Third. . 
Fourth . 


Per cent 
. 92 

. 106 
. 109 
. 93 


He also has found that the quarterly trend of his sales has a quarterly in(!rement 
of $2,000 and that its ordinate for the year 1936 was $116,000. 

a. Compute the expected normal sales for the years 1935-1938 and express the 
actual sales as percentage deviations from normal. 

h. Follow the instructions given in a, assuming that the index of seasonal variation 
was computed by the method of quarterly totals. 

(Quarterly data are used in this and some succeeding problems in order to limit 
the number of computations. Ordinarily, monthly data are more satisfactory for 
time-series analyses of this character.) 

16. Annual sales (in millions of dollars) of James and Co. for the years 1930-1938 
were: 




Sales {millions 

Year 


of dollars) 

1930... 


45 

1931... 


46 

1932... 


35 

1933... 


32 

1934... 


28 

1935... 


34 

1936... 


40 

1937... 


46 

1938... 


54* 


* Last quarter estimated. 


The quarterly sales (in millions of dollars) for the years 1935-1938 were: 


Year 

1st quarter 

2d quarter 

3d quarter 

4th quarter 

1935 

8 

6 

9 

11 

1936 

9 

6 

11 

14 

1937 

11 

8 

12 

15 

1938 

14 

11 

13 

16* 


* Estimated. 


a. Computing trend by the method of least squares and seasonal variation by the 
link-relative method, determine the normal sales for the years 1935-1938 and express 
the actual sales as percentage deviations from normal. 

b. Reduce the percentage deviations from normal to unit^ of standard deviation 
from normal, 
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c. If Mr. James expects sales in the first quarter of 1939 to ho .8 of one standard 
deviation above normal, what volume of sales may he expect in tlie first quarter of 
1939? 

16. Quarterly sales (in millions of dollars) of Best Motor Company for the years 
1935-1938 were: 


Year 

1st quarter 

2d quart, er 

3d quarter 

4th quarter 

1935 

14 

17 

10 

13 

1936 

15 

19 

12 

18 

1937 

23 

21 

14 

i 22 

1938 

, 31 

29 

17 

24* 

I 


* EHtimated. 


From previous re<?ords it has been determined that the (piartcrly trend of the 
company’s sales has an annual increment of 2 (millions of dollars) and an ordinate for 
thcj year 1938 of 22 (millions of dollars). 

а. Computing seasonal variation by the ratio-to-trend method, determine the 
“normal” sales for Iht* years 1935-1938. ICxpress the acdual sales as pen^entage 
deviations from normal. 

б. Kstimate the sales for the first and second quarters of 1939, assuming the sales 
are expected to be +.9 and +.4 standard deviations from normal, respectively. 

17. Bank debits (in thousands of dollars) of Brown City for the three years 1936- 
1938 were: 


Month 

1936 

1937 

1938 

January 

24 

I 39 

64 

February 

21 

1 

61 

March 

25 

40 

69 

April 

24 

38 

76 

May 

29 

41 

75 

June 

28 

46 

83 

July 

31 

50 

80 

.August 

34 

56 

84 

September 

32 

54 

88 

October 

37 

61 

95 

November 

36 

61 

93* 

December 

43 

87 

114* 


* Estimated. 


The monthly trend line has been found to liave an annual increment of $24,000 and 
an ordinate for 1 937 of $52,000. 

Finding the seasonal variation by the method of monthly totals, determine normal 
expected bank debits for the first six months of 1939. 
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18 . Actual and computed normal sales (in thousands of dollars) of the Johnson 
Motor Co. for the years 1935-1938 are given below: 


Sales (in thousands of dollars) 


1 

Quarter . 

1935 

1936 

1937 

1938 

Actual 

Normal 

1 

Actual 

Normal 

Actual 

Normal 

Actual 

Normal 

First 

93 

103 

106 


125 

118 


125 

Second 

122 

118 

122 

126 

137 

135 

145 

143 

Third 

127 

122 

133 


138 

139 

143 

147 

Fourth 

95 

106 

118 

113 

124 


^119* 

126 


* Estimated. 


A business service in the area informs the management of the Johnson Motor Co. 
that general business in the area (expressed in units of standard deviation from normal) 
has been, for the past four years: 


Year 

1st quarter 

2d quarter 

3d quarter 

4th quarter 

1935 

-1.6 

.4 

.6 

-1.1 



- .6 

.2 

1.3 



1.1 

.1 

1.8 

mM 


.6 

-.6 

-1.4* 


♦ EHtiinatecl. 


The husim^ss sc^rvicc estimates general business in the area for the first two quart('rs 
of 1939 to be —.6 and +1.2 standard deviations from normal, respectively. 

a. Determine if there is enough correlation between the sales of Johnson Motor Co. 
and general business in the same area to warrant Mr. Johnson’s using the estimates 
of the business service for the first two quarters of 1939 in making a forecast of his 
own sales for the same period. 

b. If the relationship in a is found to be sufficiently close, estimate the sales of 
the Johnson Motor Co. for the first two quarters of 1939. The estimated computed 
normal sales of the Johnson Motor Co. for these two quarters would be 133 and 152 
(in thousands of dollars), respectively. 

19 . Sales of Smart and Co., retail merchants, are given below for the past seven 
years (data in thousands of dollars). 


Retail Sales (in thousands of dollars) 


Quarter 

1932 

1933 

1934 

1935 

1936 

1937 

1938 

First 

102 

96 

76 


96 


121 

Second 

107 

78 

84 


88 

114 

118 

Third 

104 

83 

93 



107 

132 

Fourth 

98 

■[llgn 



113 

132 

146 

Total 

411 

337 

353 


401 

455 

517 
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The retail sales for the entire area (expressed as a percentage of normal) are computed 
by the Retail Merchants’ Association and arc as follows: 


Retail Sales (per cent of normal) 


Quarter 

1932 

1933 

1934 

1935 

1936 

1937 

1938 1 

1939 

First. . . 

136.2 

87.6 

77.4 

94.8 i 

88.8 

97.6 

109.1 

114.0* 

Second . 

127.5 

93.8 

89.7 

95.0 

86.4 

102.1 

110.2 

102.0* 

Third . . 

121.3 

85.4 ! 

90.8 

96.9 

92.4 

103.1 

107.1 


Fourth. 

101.6 

75.6 

90.9 

93.8 

93.7 

107.8 

111.3 



* Estimated. 


а. Mr. Smart would like to know: 

1. The rate of long-time growth in his business (use method of least squares). 

2. The seasonal variation in his business (use link-relative method). 

3. How closely the cyclical fluctuatioiLs in his business follow^ed the cyclical 
fluctuations in the data presented by the Retail Merchants’ Association. 

б. What sales would you forecast for Smart and Co. for the first half of 1939? 





CHAPTER XVII 


BUSINESS FORECASTING 

l^hen definite estimates of future conditions are made on a systematic 
basis, the, process is referred to as ‘‘forecasting/^ and the figure or state- 
ment obtained is' known as a “forecast/^ During the last twenty years 
there has been a great increase in the number of organizations which 
definitely plan their buying, production, selling, financing, and building 
^ relation to a scientific forecast of future conditions. 

Object of Forecasting in Business.-^It should be realized at the 
outset that the object of business forecasting is not to determine a curve 
or series of figures that will tell exactly what will happen, say a year in 
advance, but it is to make analyses, based on definite statistical data, 
which will ena ble an executive to take advantage of future conditions to a 
gr eater-oxt ent than he could without ihein. Some predictions are based 
upon relatively complicated statistical procedure, but many of the most 
valuable forecasts are those which are relatively simple and which the 
business man can check directly with his own judgment and experience. 

Business forecasting does not depend upon the determination of a 
certain figure for a certain future situation through the application of 
some mysterious or magic process, although there are some so-called 
experts who would have us believe that they are in possession of highly 
valuable secret tricks and formulas. The business man, however, ordi- 
nai^y does not have confidence in this type of forecast. 

business forecasting depends upon practical analyses of the past and 
present conditions which indicate the nature of probable future condi- 
tions/ Suppose, for instance, that while conditions are still prosperous, 
a cement manufacturer finds that, in his market area, building is over- 
expanded, public funds are not available for paving and similar con- 
struction, and that the other users of cement have built up an excess of 
construction in relation to the demand. This cement manufacturer then 
knows that the future market is in a precarious condition. He cannot 
foretell the exact day, week, or month when sales will decline, but he 
knows that his market is unsafe. Consequently, he knows that he must 
, experience a distiuct decline in his sales in the near future, and that he 
should conduct his business accordingly.^ Suppose, on the other hand, 
that during a period of quiet business, a shortage of buildings has devel- 
c^ped, and that bonds have been floated for extenrive municipal improve^ 
inents, such as paving, sewers, bridges, and the Bke. Under such 

MO 
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conditions, he can reasonably expect an improved market in the follow- 
ing season, and he will prepare his plant and organization to handle an 
increased demand for his product because of what is shown by such 
statistical indicators of the future.|f 

The more accurately the above cement manufacturer can determine 
his cyclical position in the present, the better idea he will have of how 
he should prei)are his concern.; for the future. In this connection, the 
point should be appreciated that the principal reason for determining 
one's position in the business cycle is to determine when one is in a sound 
position and when one is in an unsound position. If a person knows that 
he is in a boom period, he knows that he must be cautious in assuming 
obligations, in expanding plant or inventory, etc., for he must look for- 
ward to contracted business. If, on the other hand, one knows that a 
depression has run its course, he can make preparations for expanding 
business. Of great assistanc^e in this connection, when one can find it, 
is a series of related business data which will indicate the cyclical situation 
in a particular market when exact data on the market itself are not 
available. 

Limitations of Statistical Analysis. — The primary purpose of the 
preceding chapters has been to develop a background of statistical 
techniques that would be useful in analyzing practical business problems. 
In the present and remaining chapters, the purpose is to indicate more 
specificially and completely the types of statistical problems that confront 
business men, and how such problems can be solved in a practie^al way 
with the aid of statistics. The methods that have been described will be 
us ed as tools wb^- tl^y^are needed and when it is exj^dient to use them, 
but the emphaf is will be p^ced upon secirang practi cal results . However, 
before pfdceeding'wltinhe discussion of specific applications to business 
problems, it is desirable to review the more important limitations of 
statistical analyses, for, important as such analyses are, there is often a 
tendency for the student and business man to expect too much from 
statistics. In fact,^one of the greatest difficulties in present-day sta- 
tistical work is the failure to realize or properly appreciate the limitations 
involved in the application and the interpretation of results obtained by 
statistical methods. Four of the most common limitations, each of which 
may be the proper subject for no small amount of reflection by the prac- 
tical statistician,^ are as follows: 

1. Failure to realize that statistical methods are applicable only to quantitative 
data \ichen, in fact, quantitative data practically never constitute more than a part of 
the information on a given business problem. 

2. The assumption in sampling that all of the data are equally representative of 
and equally affected by the infinite number of independent forces presumed to be 
acting upon the data. 
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3. The imperfections (primarily because of rigidity) of the mathematical methods 
used in statistical technique. 

4. Inadequate statistical material and the use of methods too refined for the data 
at hand. 


i ' These various groups of limitations will now be discussed briefly, 
j j^^tatistical Methods Limited to Quantitative Data. — The failure to 
realize that statistical methods arc applicable only to quantitative data 
and that quantitative data can probably never constitute more than a 
fraction of the information necessary in a given business problem is 
undoubtedly the cause of more erroneous conceptions and improper 
deductions than any other one diflSculty in the mechanical use and appli- 
cation of statistical methods. Altogether too frequently the so-called 
statistician overlooks or ignores those multitudinous and varied forces 
and phenomena which, although they are not easily reduced to a numer- 
ical basis nor expressable in quantitative terms, do have an important 
bearing upon the solution of the immediate problem in hand. One 
reason why professional statisticians ordinarily do a considerable amount 
of field work themselves when carrying on an extensive practical investiga- 
tion is that the casual observations and non-statistical information 
gathered are very important as a background and supplement in inter- 
jpreting the statistical data. 

Limitations of Sampling. — In almost all statistical investigations, as 
was previously pointed out in Chapters II and XI, it is not only imprac- 
tical but quite impossible to obtain a statement of all the numerical 
data bearing upon a given problem. In order to s.ave time and expense, 
it is necessary to resort to the sampling process, which consists of utilizing 
only a part of the possible data and of making the assumption that the 
results are substantially the same as if complete data had been available. 


It i§ imperative in interpreting such data that the limitations of the 
sa mple be understood as far, as possible and that all-xonclusions be 
^operly qualified. 

Rigi<fi$^ of Mathematical Methods. — ^The mathematical methods 
^hich underlie statistical processes are based upon certain ideal con- 
ditions. Since these ideal conditions are seldom if ever present in 
statistical data, it is commonly necessary to ‘‘idealize” the data; that 
is, it is customary to assume that the data arq, ideal, and, if necessary, 
,to make qualitative reservations or to provide corrections to offset 
the possible error. Thus, certain statistical methods presuppose that the 
frequency distributions involved are normal probability curves — 
a condition quite diflBcult to find in the economic world. Such distri- 
butions in busineBS are almost always skewed and not infrequently they 
are quite erratic. The art of jud^ng just how far such statistical methods 
can be applied to data which deviate from a normal probability curve 
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marks the difference between a dependable and a non-dependable statis- 
tical analyst. 

Although most statistical methods can be mechanically applied with- 
out an understanding of the mathematics involved, safe interpretations 
can be made only when the mathematical processes are understood and 
qualitative information is considered. Dogmatic interpretations often 
result from blind reliance upon mathematical methods. The trained 
statistician uses the same mathematical methods (which need not neces- 
sarily involve the higher mathematics), but he realizes their distinct 
limitations and checks his interpretations in other ways. 

At an earlier point in the discussion it wa s noted that several methods 
ten ded-toHbg~bi aBed in one way ..Qr, another. Thus the arithmetic and 
harmonic means are biased by small and large numbers in index-number 
construction. The coefficient of correlation may be biased by non-linear 
relationships. The former type of bias may be said to grow out of the 
imperfections of our numerical system rather than from the way in which 
these numbers are treated; the latter type of bias comes from the use 
of a mathematical method based upon one set of assumptions, where 
another and different set of conditions obtains. It is obvious that care 
sljould be taken to observe any such bias when it exists. 

Use of Too Highly Refined Methods. — Another of the dangers in 
"statistical analysis is the use of methods which are too highly refined for 
the data at hand. Since all statistical methods are not equally refined, 
they possess varying degrees of appropriateness when applied to different 
types of data, and when the data are in various forms or of different 
degrees of accuracy. Thus, it may not be proper or practical to compute 
a coefficient of correlation when only a small number of items are avail- 
able, or when the data are given merely by arbitrary classes. 

Another difficulty arises in determining the extent to which the 
calculation should be carried out, when the extent of accuracy in the 
original data is known. Cases are on record where weekly earnings with 
a probable accuracy of each individual case not nearer than $5 a vjpek 
have been averaged to three decimal places. Spurious accuracy of 
this kind only serves to place good statistical work in disrepute. A 
case recently observed was one in which the amount expended annually 
by the average citizen in the United States for shoes was stated as $7.1124 
and the amount of sugar consumed as 65.3186 pounds. In this instance 
the original data probably consisted of estimated total amounts divided 
by an estimated population — a circumstance certainly not requiring 
computation to four decimal places. A good general rule is to compute 
the statistical measure to one greater decimal place than the accuracy 
of the data. Thus, if one had data which were accurate to 1 pound, it 
would be safe to compute an average to .1 pound. 
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Statistical Checking List. — Experience soon teaches the statistical 
investigator that there are many c hecks that sho uld be made of his 
methods a nd of his analyses^. The following list includes soflir'of'the 
more important questions which should be answered before an investi- 
gation may be considered trustworthy: 

1. Are the results reasonable? 

2. Is it logically possible to reach any other conclusion? 

3. Is a solution based upon past conditions sound as a basis for predicting future 
conditions? 

4. Is the group of data sufficiently large to give a dependable indication of the 
characteristics as they apply to the problem in hand? 

5. Are the methods applicable to the data? That is, is there too much “idealiza- 
tion”? 

6. Are the data accurate and complete enough to justify the application of the 
methods used? 

7. Are there cumulative or other errors in the compilations or calculations? Or 
will the application of the results necessarily involve cumulative errors? 

8. Has there been comparison of non-comparable data? 

9. Have percentages been erroneously used? 

10. Have previous convictions influenced cither the sele(;tion of the data or the 
application of statistical methods to them? 

11. Have any important factors, which may be discovered by logical reasoning, 
been neglected in the analysis? 

12. Has there been a repeated use of methods which will introduce error (such 
as ratio of ratios or average of averages)? 

Obviously, this list is not complete, but it will be of assistance in 
avoiding errors. 

Probably no check in statistical analysis is more important than that 
of determining the reasonableness of the results in relation to other 
information. ‘‘The verification of conclusions by means of controlled 
statistical experiments is very rarely possible in. the social sciences, 
and the impracticability of such experiments results too often in excessive 
reliance upon theory and pure correlations. Nevertheless, there are 
maify direct verifications of cause and effect relations in economic 
phenomena that, while fragmentary and incomplete in themselves, may 
still be of convincing value in combination with the results of other 
analyses. 

“As a specific though somewhat odd illustration, we may take the 
correlation between daily weather conditions and the lunch time patron- 
age of restaurants. On first examination, the situation is confusing. 
Some restaurants show a positive correlation between fine weather and 
the number of lunches served. Others show a negative correlation, and 
still a third group reveal no definite correlation whatever. From the 
standpoint of pure statistics, the problem is perhaps insoluble. Yet a 
few direct inquiries will not only reveal the real facts, but add an unex- 
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jiected significance to the data. Stormy weather reduces somewhat the 
total number of lunches eaten in restaurants. But its more important 
effect is to drive customers into unattractive near-by restaurants, who 
in fair weather would go to more attractive restaurants at a distance. 
The attractive restaurant shows a positive correlation between trade 
and sunshine. The unattractive restaurant profits from cloudy skies. 

Another example of this practical form of verification is in connection 
with the assumption that there is a direct cause and effect relation 
between interest rates on second mortgages and the volume of building 
construction. It has been stated that the reduced building activity of 
the last few months of 1930 was directly ascribable to the high cost of 
second mortgage financing. Nevertheless, even the most sketchy inquiry 
of those directly concerned with the handling of second mortgages would 
have shown that the diflSculty was not a shortage of second mortgage 
money, but a shortage of second mortgage confidence. The real obstacle 
to construction at that time was the fear that building investments made 
at the then current levels of cost, and in the face of apparent building 
surpluses, might be wholly unprofitable. 

‘‘It is this checking of circumstantial evidence by the forcing of a’ 
direct confession from the statistical culprit that may properly be 
described as the application of the ‘statistical third degree.^ And no 
professional sentimentalism should be allowed to prevent a full develop- 
ment of the possibilities of this procedure. If The statistician, as the chief 
pathfinder among scientific pioneers, must necessarily combine that 
vision which comes from fertility, breadth, and incisiveness of hypothesis, 
with the balance and surencss of step of the scientific method as a whole. - 
But, above all, he must possess something of the rude spirit of the 
frontiersman and must seek his results in every legitimate way, regardless 
of refinements of method and rigidity of conventions.”^ 

\/ Predominance of Forecasting in Business Statistics. — Questions of 
the future commonly predominate in business investigations. As has 
been mentioned previously, the business man must constantly plan for 
the future. Questions of expanding production, increasing inventories, 
constructing new buildings, acquiring land, extending credit, curtailing 
loans, decreasing interest rates, raising prices, developing new markets, 
and the like usually must be decided upon the basis of present indications 
of future conditions. Even when one makes a frequency distribution 
study of, say, factory wages, it is usually done with the object of improv- 
ing one^s position in the future. 

^Quoted with slight changes from M. C. Rorty, ''Statistics and the Scientific 
Method,” ‘Presidential Address, Ninety-second Annual Meeting of the American 
Statistical Association, December 31, 1930; published in the Journal of the American 
StaHsUcdl AesociaHimf pp. Irll, March 1931. 



366 


BUSINESS STATISTICS 


L Some estimates of the future take the form of long-range forecasts, 
I covering several or even many years, while others involve only a few 
'weeks or days. Probably the most common problems are those that 
involve planning ahead for 1 to 18 months. Sometimes refined methods 
of measuring trend, seasonal variation, etc., are necessary, as when 
economic and statistical services forecast the movements of the business 
cycle, but the statistical methods used in most estimates regarding the 
I future are much more simple.l An illustration of this simple type of 
forecasting is given in the Toilowing: A- certain San Francisco apple 
dealer, learning that the apple market was unusually good in British 
Malaya, had to estimate future conditions because of the time involved 
in reaching that market. A brief investigation showed him that 5,000 
cases were already on the way, and this quantity was enough to over- 
stock the market before it would be possible for his shipments to arrive 
there. Having this simple but significant datum at hand, he knew that 
future conditions would be such that it would not be advisable to ship 
apples to Malaya. 

In forecasting the future in business, the value of statisti(^s depends 
upon the extent to which th6y serve as bases for making better forecasts 
than could be made without them. Statistics alone ordinarily do not 
forecast future conditions. In fact, purely mechani(5al statistical fore- 
casters are not reliable. Judgment, experience, and knowledge of the 
particular industry are necessary in making the proper interpretations 
and analyses and in reaching sound conclusions. 

Local, Regioi^, ,,fIld Points of View. — Some businesses are 

cMcemed ^p^cipally with local conditions while others are concerned 
with regional, national, and even international conditions. For some 
^ products (such as raw materials like wheat and cotton) a wide market 
exists, not only throughout the United States, but largely throughout 
the world. Conditions in such markets do not vary much from pla(?e to 
' place, and if temporary differences arise, they soon adjust themselves. 
.For most consumers^ goods, however, sales effort is necessary, and the 
relation between demand and supply varies greatly in different parts of 
the country. Consequently, if we are considering the cyclical. situatio n in 
c onnection with forecasting or planning busin ess operations^ must 
recognize that local business cycles may be distinct from nation al busines s 
^cl es. Sometimes cycles in one area move with national cycles, some- 
times there is a lag, and sometimes they move in opposite directions. 
Much of our trade, industry, and agriculture is affected by both national 
and local conditions, some is affected almost entirely by national condi- 
tions, and some is affected almost entirely by local conditions. 

The importance of recognizing the differences between local and 
national cyclical situations may be illustrated by the following examples: 
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In 1921 a Los Angeles dry-goods wholesaler bought his merchandise 
in the national market which was in a period of depression. Ho sold it 
in the local market where conditions were prosperous; this was an ideal 
situation for the wholesaler. On the other hand, a Los Angeles manu- 
facturer at the same time (1921) sold his products in a depressed national 
market at a loss because locial labor and material costs were high, on 
account of the prosperous conditions in Los Angok^s at that time. Similar 
instances could be cited in connection with the Plorida, Iowa, and other 



ABC 
Exhibit 173.- -Not only do conditions vary widely from one major part of the nation 
to another (A), but there are wide variations within small divisions of the country {B), 
and also within local areas (C), even when conditions in general are highly prosperous. 
(See Exhibit 158, page 331, for curves showing the general business boom and fairly high 
building activity in 1929.) 

booms. How construction activity (as indicated by new contracts) 
varied in nine sections of the nation during the generally high prosperity 
of 1929 is shown in Part A, Exhibit 173. 

Differences in national and local conditions are pointed out above. 
Often it is necessary to break local areas down into still smaller parts. 
That is, conditions in a small section of the country, or conditions in 
a metropolitan city area often differ greatly from one part of the area to 
another. This makes it necessary to study these subdivisions separately 
if one is to take advantage of the conditions as they exist. Illustration 
of how these variations occur, even when conditions in general are highly. 
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prosperous, are presented in Exhibit 173, Part B, which shows the varia- 
tions in construction contracts in nine cities of Massachusetts, and 
in Exhibit 173, Part C, which shows the variations in building permits 
in seven different districts of metropolitan Los Angeles. Certain business 
concerns, especially wholesalers and manufacturers, find such studies of 
small areas very valuable checks upon. the various parts of their market. 
In a certain case, for instance, a salesman was making but few sales in 
his district. A report showing active business conditions in one of these 
small areas, which had practically the same boundaries as his territory, 
was called to his attention. Realizing that somebody was actually get- 
ting the business, the salesman renewed his efforts and substantially 
increased his sales. • 

A Practical Example of Local Business Forecasting. — In order to illus- 
trate the problem of local business forecasting in greater detail, let us refer 
to an actual case of forecasting office-building conditions in Los Angeles. 
Early in 1 925, it was found advisable to make a careful analysis of the 
future office-building situation for the use of bankers, realtors, building- 
material manufacturers and dealers, and other business men.^ It was 
found that there was a fairly definite relation between occupied ofiSce 
space and population. From 1909 to 1924, the number of square feet 
of office space per person per year varied from 6.1 to 7.6, excluding war 
years. Both of these extremes occurred in the early part of the period. 
The more rapid growth of the metropolitan population, as compared 
with that of the city proper, did not seem to affect the ratio. In fact, 
it appeared in this survey that any increase in the ratio, due to the 
metropolitan population, was more than offset by the increased efficiency 
in the use of office space. Consequently, in determining the relation of 
present space to future population, it was deemed advisable to use the 
latest factor instead of the average for the period. This latest factor 
was 6.27 square feet per capita. 

Population forecasts for January 1, 1927, and January 1, 1930, were 
then used as the bases of future demand estimates. In making these 
population lorecasts, careful estimates were made for the intercensus 
years back to 1900, so that the cycles could be studied. A study of the 
long-time tendencies for the period since 1900 indicated a compound- 
interest trend. The forecasts were made on the basis of projecting this 
trend of 1930, and then making a cross-section analysis to determine 
whether such factors as growing industry, oil developments, trade expan- 
sion, tourist traffic, and the like would operate to change this trend. It 
appeared that the average rate of development was still fundamentally 
the same and that there were no good reasons for expecting a substantial 


' Eberle k Riggleman Economic Service, Vol. II, No. 13, March 30, 1925. 
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change in the rate of growth for the period under consideration. Since 
there appeared to be no fundamental factors which indicated that the 
population in 1927 and 1930 would be greater or less than the trend points, 
these figures were taken as the estimates of future population for these 
dates. It should be emphasized in this connection, however, that such 
trend figures should not be used as forecasts unless the fundamental 
factors influencing population growth are analyzed. It is this cross- 
section analysis of fundamental conditions, rather than the computation 
of the trend figures, that is of greatest importance. ^ 


LOS ANGELES OFFICE BUILDINGS 
THE RELATION BETWEEN RENTABLE AREA 
DEMAND AND SUPPLY 



Exhibit 174. — This chart, which was made early in 1925, showed the current and past 
relations of supply to demand, and forecasts of future conditions. 

On the basis of a forecast of population for January 1, 1927, of 1,117,- 
291 multiplied by the space per capita factor of 6.27 square feet, it was 
estimated that there would be a demand for approximately 7,005,415 
square feet on December 31, 1926 (see demand curve in 1926 in Exhibit 
174). For December 31, 1929, maximum and minimum demand fore- 
casts were made on the basis of population forecasts for January 1, 1930. 
The maximum population estimate for January 1, 1930 (1,300,000) 
was multiplied by the average of the six highest factors taken from the 
16-year period which gave the maximum demand estimate of 9,165,000 
square feet. The minimum population estimate (1,250,000) was multi- 
plied by the average of the six lowest factors (excluding war years) which 


^ For detailed methods of making population estimates, see pp. 431-443r 
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gave a minimum * demand estimate of 7,825,000 square feet. These 
estimates for December 31, 1929, are shown by the maximum and mini- 
mum curves in the chart just referred to (Exhibit 174), and the curves 
are projected one year to the end of 1930. 

At the same time that the survey of vacant space was made, a survey 
was made of buildings under construction and projects that probably 
would be completed within the following two years. This investigation 
indicated that by the end of 1926 the supply would be increased to 
approximately 8,528,284 square feet. Since, by this date, a normal 
demand would increase to only 7,005,415 square feet, it was probable 
that there would be a vacancy of 1,522,869 square feet or 17.9 per cent 



£!xhibit 176. — When relations between population and office space exist as in the above 
• chart, a diverging of the curves indicates an unsound condition. 

(see Exhibit 174). A comparison of the supply expected for 1926 with 
the demand forecasts for 1930 (see Exhibit 174) indicated at the time 
this report was made in 1925 that there probably would be no serious 
shortage of office space by January 1, 1930, and there might be a vacancy 
as high as 8 per cent, even if no further office buildings, except those 
under construction or definitely projected, were added to the supply. 
The accuracy of this prediction is indicated by the fact that the actual 
demand on January 1, 1930, for office space of the type included in the 
survey was approximately 8,600,000 square feet — a point about midway 
between the maximum and minimum forecasts published in 1925. 

If ^ctual demand figures are not available, it is sometimes possible 
to make a comparison of total supply figures with population data that 
will be of great value in analyzing such situations. In Exhibit 175, 
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these figures for Los Angeles are reduced to percentage relatives, with the 
period 1909 to 1912 as a base. It will be noted that in the period follow- 
ing 1913 and in the period following 1924 the curves diverged widely. 
We know from Exhibit 174 that these were periods of high vacancies. 
Where such relations are known to exist, a population series can be used 
as an indicator of demand for office space, and when the curves diverge, 
as in Exhibit 175, an unsound condition is indicated. 

While the relation shown in Exhibit 174 indicates that the procedure 
described in connection with Exhibit 175 could be used in this particular 
case if there were no demand data, it does not prove that the principle 
can be used in all cases where demand data are not available. Some 
kind of a check must be made to find whether or not the plan is reasonable 
and reliable. Suppose, for instance, that Exhibit 175 represents some 
other city and that demand data are not available. If it were known 
in a general way that a sound relation existed between the supply and 
demand for space in 1908, 1909, 1910, 1922, and 1923, such divergings as 
those following 1913 and 1924 would be distinct indicators of unsound 
conditions. Through the use of building permit data and other available 
data on projected construction, the actual supply of space can be antici- 
pated for several months, and in some instances for a few years, thus 
improving the accuracy of the forecast. 

In connection with the application of the above information, let us 
consider the cases of three business organizations which planned the 
construction of office buildings in a new business section of the city at the 
time the studies were made. Realizing that a large vacancy in office 
buildings might be expected during the succeeding few years, and that 
the trend of business movement was no longer in the direction of this 
newly developed area, one concern abandoned its project. The second 
went ahead with its original building plans, in spite of the unfavorable 
outlook indicated by the survey, and put up a structure of the type for 
which there was very little additional demand, suffering a severe loss. 
The third organization made a detailed statistical survey and found 
that there was a good market for a specialized medical building in a 
particular location, even though the general market for office building 
space was over-supplied. 

Similar studies can help at times in forecasting market values as well 
as demand. In Cleveland, for instance, the ratio of property values to 
annual wages and salaries paid doubled in the five years from 1919 to 
1924. Such a rate of increase obviously could not be sustained. A short 
time later values began to drop sharply and the rate of building activity 
began to fall. Another example is the situation in Washington in the late 
1920’s. When mortgage men decided not to advance further funds on the 
assumption that the city was over-built and that about 10 per cent of the 
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houses were standing idle, a house-to-house survey was made which 
revealed a vacancy of about 2^ per cent. As a result of tiiis indication 
and further studies of demand, money was soon made available by the 
bankers. Supply was kept within the limits set by demand for the time 
being, and values remained relatively stable. 

Major Classes of Methods. — From the foregoing discussion, the 
reader will appreciate that there are two major classes of methods 
involved in forecasting. The first- may be designated historical analysis 
of past conditions^ and the second may b(5 designated cross-section analysis 
of current situaiions. Both classes are used in combination by all repu- 
j table forecasters, but the emphasis placed upon each will vary. 

In the first class, there are two outstanding theories. One is that 
when business is inflated or depressed, it tends to come back to normal; 
the other is that there are definite cyclical sequences between different 
types of business activity. The application of the first of these theories 
depends upon determining what constitutes normal activity and upon 
determining the significance of variations from this normal. One well- 
known application of the theory adapts the physical law that *^for every 
Action there is always an opposite and equal rea(;tion^^ to economic 
analysis — that is, over any long period of time, a period of prosperity 
with a certain product of duration times intensity must eventually be 
balanced by a depression with an equal product of duration times 
^ intensity, ^ The second theory depends upon discovering cyclical 
sequences so that changes in certain classes of activity can be determined 
on the basis of how they follow or precede the movements of other classes. 
The sequence of events is then used in such a way that one type of series 
acts as a forecaster of those which occur later. The general tendency 
of the upturn in the prices of industrial stocks to precede the upturn of 
commodity prices, or the general tendency of the velocity of circulation 
of currency and bank credit to reach its highest point a few months before 
the decline in commodity prices and to reach its lowest level shortly before 
commodity prices start “upward, are illustrations of relations that are 
• used as bases for predictions according to this theory. 

Cross-section analysis of current situations depends upon finding what 
(important forces are operating in a particular situation, measuring the 
Significance of each, and determining their net effect. The elements 
considered in a particular situation will vary as any specific situation is 


^ It should be appreciated that, in adapting this law to economic analysis, the 
analogy is not a perfect one. Action and reaction, as the terms are used in physics, 
are not nec^arily subsequent in point of time, but the reaction may be cotempora- 
neous with the action. If not too literally applied, however, the analogy is undoubt- 
edly helpful in explaining the tendency of business to deviate from and return to 
normal. 
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considered to be different from all others. ’ New relations of supply to 
demand, new discoveries, new inventions, unusual attitudes, styles, and 
fads are representative of the factors to be analyzed. 

The office-building forecast previously described was based upon a 
combination of historical analysis and cross-section analysis. The 
problem is a representative one, and illustrates how both types must be 
used in combination to secure practical results. Other illustrations of 
how the methods are used will be presented from time to time throughout 
the discussion.^ 

Basic Indicators — EBusiness Barometers. — Of great assistance in 
practical forecasting is information that (;an be us(^d as an index or 
indicator” of the basic conditions related to the industry. The ternr/ 
“barometer” is also widely though loosely used in business statisticsl 
sometimes the term is used to mean simply an indicator of the presenr- 
economic situation, and sometimes it is used to designate an indicator 
of future conditions. 

To illustrate the use of a statistical index or indicator, suppose that 
estimates made on the basis of probable crops show that farmers in 
eastern Ne^braska should have 25 per cent less income this year than 
last, while farmers in eastern Iowa should have 50 per cemt more. The 
manufacturer of agricultural implements can use such data as an indi- 
cator of market conditions, and* he can have his salesmen concentrate 
on the eastern Iowa market, as far as these two an^as are concerned. 
By using information secured from the United States Department of 
Agriculture, the state departments of agriculture, local farm bureaus, and 
from other sources, the manufacturer or other business man can analyze 
the probable farm income in different parts of the country in relation 
to his own particular business. Similar indicators in other lines of 
activity will be discussed from time to time throughout the chapter.? 

Statistical indicators or barometers are usually presented as graphic 
charts, but they may also be presented in tabular or textual form. 

^ Mathematical Projection. — Mathematical trends projected into the 
future often serve as valuable checks on other types of forecasts, espe-, 
daily when the numbers are large.® An illustration of how future 
tendencies can be estimated by this method is furnished by a projection 
of automobile registrations which was made early in 1 934. This proj ection, 

^ For a mdre detailed discussion of basic assumptions and methods, see Charles O. 
Hardy and Garfield V. Cox, “Forecasting Business Conditions, “ especially Chap. Ill, 
The Macmillan Company, New York, 1927. 

* * See also Lewis H. Haney, “Business Forecasting,” Ginn and Company, Boston, 
1931, for. other suggestions of business data that can be used in measuring and in 
forecasting activity. • 

® See pp. 21 and 22 on the principles of statistical regularity and large numbers. 
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made to 1940, is presented graphically in Exhibit 176, together with a 
curve of the data for the period from 1912 to 1933 to which the basic 
curve was fitted. A curve of actual registrations for the period from 
1934 to 1937 has also been added to the chart in order that the accuracy 
of the projection as an indicator of future conditions may be checked. 
If. a concern's market is forecast on the above basis, it is obvious 
that it must be checked constantly with information which would 
indicate promptly, if possible, any changes or faults in the trend. 



Exhibit 176. — The normal curve above was <;omputeci early in 1934 on the basis of 
1912 to 1933 data and projected to 1940. This indicates how mathematical projections 
may serve as an aid in forecasting. . (The data for the period from 1934 to 1937 were later 
added to the chart for comparison with the' projection.) 

The value of projections of constant or changing rates of change is 
indicated in another instance in which a branch manager in a certain 
territory wished ^to move into larger quarters and increase his staff. 
After employing mathematical methods to determine not only the rate 
of increase of the firm’s sales, but also the rate of change in potential 
sale possibilities, it was found that the firm’s sales were increasing at 
about 2 per cent per year, while the total sales of that particular product 
were declining at the j*ate of 3 per cent per year. In other words, the 
company WM securing an increasing percentage of a. decreasing volume 
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of business. Consequently, the office was not enlarged nor was the staff 
increased.^ 

The Stock Market as a Forecaster. — The stock market has been quite 
generally considered to be a barometer or forecaster of business con- 
ditions. Its movements are said to indicate what is going to happen 
weeks and even months in advance.^ In view of this widespread belief, 
it is deemed advisable to point out some of the limitations of this indi- 
cator before proceeding farther, because^t does not always forecast 
changes in general business. ^ It reflects a combined condition based on 
business, money, speculative, psy(diological, and other situations; and 
the proportions of these factors vary widely from time to time. The 
sto(!k-market situation is an (ixccllcnt indicator of speculative conditions, 
but it should not be used alone as a forecaster of general business con- 
ditions. It is only one of the indexes that should be studied in analyzing 
the general business situation. 

The prominence that is given to this indicator by some of the better 
forecasters sometimes (jonfuscs the business man and leads him to believe 
that more importance is attached to it than actually is the case. The 
supposed value of the stocik market as an indicator of future business 
conditions is basc^d upon the theory that stock speculators are qui(rker 
to sense the conditions that will lead to increases or decreases in earnings 
than most men in the general lines of trade and industry, and that for 
this reason they will forge ahead or hold back in advance of the actual 
changes in general business activity. 

One of the princdpal difficulties, however, is that a large proportion 
of the stock speculators cannot be trusted to sense these conditions, and 
a boom or a slump may develop in the stock market which has no funda- 
mental counterpart in actual business. The great stock-market boom 
which reached its height in September 1929, for instance, was not followed 
by a similar period of inflation in busimiss. And the abrupt stock-market 
decline of November 1929 was not accompanied by tluj same kind of a 
decline in business. This^ brings out the point that the stock market is 
only one of the indexes that should be watched, and that other indicators 
may qualify to a great extent the significance of the stock-market situa- 
tion. The recognized forecasting services always use other indicators in 
conjunction with the stock-market index when attempting to interpret its 
significance. 

Analyzing and Forecasting General and Special Conditions. — In this 
discussion, forecasting will be considered both from (1) the point of view 
oj common interest forecasting for the use of business men in general, and 


'See' Ray B. Prescott, “Knowing Next Year's Increase in Advance,” Manufoo- 
luring Industries, p. 63, July 1927. 
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(2) the point of view of specific problems of individual concerns. The 
most extensive work in forecasting general business conditions is carried on 
by special service firms organized for the purpose. The best work in 
forecasting business conditions for individual concerns is ordinarily carried 
on within the concern’s own organization. Many of the larger banks, 
manufacturers, public utilities, and other business organizations have 
elaborate statistical departments for carrying on such work. 

Harvard Review of Economic Statistics and Index Chart of General 
Economic Conditions. — As a background to the discussion of current 


HARVARD INDEX OF GENERAL ECONOMIC CONDITIONS 



Exhibit 177. — Harvard Monthly Index Chart of economic conditions. In this chart, 
the time and direction of the major swings are important. The amplitudes of the fluc- 
tuations may not be significant unless analyzed in relation to outside chocks. (Courtesy, 
Review of Economic Statistics,) 

Economic Services, a brief reference will be jnade to the work of the 
Harvard Review of Economic Statistics and the former Harvard Economic 
Society. Part of the work formerly carried on by the Harvard Economic 
Society has been continued by the Harvard University Department of 
Economics through the quarterly Review of Economic Statistics, Each 
issue contains articles of a statistical, historical, and theoretical nature 
dealing with problems of the business cycle. A feature of each issue is 
the review of economic developments in the United States during the 
preceding quarter together with a chart of the Harvard index of general 
economic conditions (sec Exhibit 177) . This article reviews and appraises 
devdopments of recent months, and while no forecasts of conditions are . 
included, it serves as an aid to the user in making his own forecasts. 
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The effort of the Harvard Eponomic Society represents one of the 
most thorough and painstaking statistical investigations of economic 
factors yet made by any forecasting agency. Although the sequence 
of events is similar to that formerly relied upon by The Brookmire Eco- 
nomic Servi(?e, the relations used in the Harvard studios were independ- 
ently arrived at and based upon statistical analyses much more extensive 
than were the earlier conclusions of other investigators. 

In studying the cycles of different series, it was found that they fell 
into three groups. Curves representing these three groups from 1903 
to 1914 are shown in Exhibit 178. The first, or speculative group, con- 
sists of the yield of railroad bonds (reversed in sign), the price of industrial 
stocks, the price of railroad stocks, and New York bank clearings. The 
second, or business group, is composed of pig-iron production, bank clear- 



ExHiBiT 178. — This chart shows the tendency of speculation to move first, business second, 
and money third during the period 1903 to 1914. 


ings outside New York City, Bradstreet\s index of whol(\sale prictis, and 
the Bureau of Labor Statistics index of wholesale prices. The third, or 
money group, consists of the rate on four- to six-months paper, the rate on 
60- to 90-day paper, loans of New York banks, and deposits of New York 
banks, the last two being reversed in sign. 

The time relationships of these three groups (stui Exhibit 178) were 
found to be as follows: (1) The major fluctuations of speculation antici- 
pated those of business by four to ten months. (2) Major fluctuations of 
business preceded those of banking by two to eight months. 

The principles developed from these investigations may be applied 
to the Harvard Index Chart, but the interpretation of this chart is by 
no means a mechanical matter. Any forecasts that may be based upon 
tlie index of general business conditions must be supplemented by careful 
studies of data lying back of the index, and cross-section analyses must be 
made as an aid in interpreting the movements of the different curves. 
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The curves, Speculation,” ‘‘Business,” and “Money” on the 
Monthly Index Chart (see Exhibit 177) are now constituted somewhat 
differently from those used in the preliminary investigations, but the prin- 
ciples underlying their construction are the same. Each curve is a repre- 
sentative index based upon selected series, each of which, when it is 
appropriate, has been corrected for long-time trend and seasonal varia- 
tion. The resulting deviations from normal have been expressed in terms 
of standard deviations for the purpose of eliminating differences in the 
intensities of fluctuations. Curve A (Speculation) is based upon the 
price of all listed stocks. Curve B (Business) is based upon bank debits 
in 241 cities outside of New York City. Curve C (Money) is based upon 
short-time money rates. Although the Index Chart must be revised from 
time to time, the methods of interpreting it have not changed materially. 
The relationships of time, and the amplitude between the movements 
of the three curves provide an important, but not the only basis of making 
forecasts from this chart. 

In interpreting the curves on the Index Chart, one must consider 
(1) the direction of the movements of each curve in relation to the move- 
ments of the other curves; (2) the direction of the immediately preceding 
movement; and (3) the magnitude of such movement. The rise or fall 
of the speculation curve tends to forecast a similar movement in the 
business curve, and the movement of the speculation curve is doubly 
significant if it is accompanied by an opposite movement of the money 
curve. If the speculation curve is rising while the money curve is falling, 
one should ordinarily expect an advance in business in ten to twelve 
months. If the speculation curve is declining while the money curve is 
rising, a business depression should be expected in approximately six to 
ten months. It should be appreciated that the general trends of the 
curves, and not their monthly fluctuations, are significant, and also, 
that the magnitudes of their fluctuations are much less important than 
the direction and persistence of the movements. Furthermore, on the 
basis of other data and analyses, careful checks must be made to see if 
the relations between the series are being disturbed, and the interpreta- 
tions must be made, accordingly. Such checks have been especially 
important during the past few years. 

Since the Harvard Index Chart has been subject to much misunder- 
standing, it is believed well to emphasize that the interpretation of this 
chart is much more than a mechanical matter. Analyses must be made 
of the economic factors lying back of the curves on the chart. Forecasts 
have requi^, for instance, consideration of such factors as the Federal 
Reserye poUcy, unprecedented g<tf^imports, the large volume of available 
erdtfit coincident with high money rates, the effects on commodity prices of 
the return of European countries to the gold basis, and the significance 
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of declining commodity prices and liand-to-mouth buying during periods 
of prosperous business. The relationship between the curves is not fixed, 
but depends upon the effects of such factors. 

The work of the forecasting services in forecasting conditions for 
business men in general will now be discussed. 

Forecasting Services. — A number of institutions have been established 
and developed, which not only gather and furnish statistical information, 
but which also make intensive analyses of economic data and forecast the 
changes in business conditions. These services are very valuable to the 
small business concern, since it cannot afford to carry on extensive 
research work, and must do without such analyses unless it can secure 
them from outside sources. And they are of even greater value to the 
large organization which has its own statistical department to interpret 
and apply the services’ reports to its si)ecific line of business. Among 
the more important professional services which make business forecasts 
are: 

The Brookmirc Economic Service, published by The Brookmire Bulletins, 

Inc., New York. 

Babson^s Reports, published by Babson’s Statistical Organization, Wellesley 
Hills, Massachusetts. 

The Standard Trade and Securities Service, published by Standard Statistics 
Company, Inc., New York. 

Moody^s Investors Service, published by Moody^s Investors Service, New 
York. 

The Real Estate Analyst, published by R(\*il Estate Analysts, Inc., St. Louis. 

The United Business Service, published by The United Business Service, 
Boston. 

The purpose of the present discussion is to describe the scope and 
methods of the preceding services so that the reader will appreciate the 
possibilities in their use, and so that he will be sufficiently familiar with 
them to remember them later on in connection with the practical business 
problems that he may have to solve. In judging the relative merits 
of these and other services, the reader should appreciate that forecasting 
work must not be rated on the basis of successful predictions alone, for 
there may be a considerable amount of guessing correctly by accident, the 
significance of an indicator may vary, and personnel may change. Conse- 
quently, in selecting an economic or statistical service, it is important to 
observe whether or not the methods that are used are fundamentally 
sound. 

In addition to the preceding services, references will also be made to 
the forecasting work of bank letters, financial magazines, .and local eco- 
nomic services. 

The Brookmire Economic Service. — The Brookmire Economic Serv- 
ice, which was one of the pioneers in business forecasting, makes a 
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wide range of practical economic analyses for both the business man and 
the investor. It not only forecasts conditions for specific activities, but 
it gives detailed advice on the action that should be taken. 

The scope of The Brookmire Economic Service is indicated by thci 
following descriptive list of bulletins: The Brookmire Forecaster , published 
monthly, which diScusses developments and the future probabilities in 
general business activity; The Brookmire Purchaser, published monthly, 
which analyzes commodity prices and purchasing problems in general, and 
which gives -definite buying advice for basic commodities; The Brookmire 
Income Map (monthly), which forecasts consumer purchasing power by • 
cities, states, and industries; The Brookmire Counselor (weekly) and The 
Brookmire Analyst (monthly), which analyze investment conditions, 
recommend specific purchases, and advise sales when necessary; The 
Brookmire Investor (bimonthly), which analyzes and recommends bonds 
and preferred stocks; and a list of special reports, which arc furnished to 
interested 'clients.^ The service also furnishes assistance in conference or 
by mail in solving the purchasing, financial, marketing, or other business 
problems of the client, as well as assistance in solving investment 
problems. 

In The Brookmire Service's forecasting, emphasis is placed upon cross- 
section analysis of the situation at any particular time, as each situation 
is considered to be a speml combination of factors. New factors appear, 
old ones disappear, and their relative importance changes. This empha- 
sizes the difficulty of setting up a rigid index that will always be repre- 
sentative. The Brookmire Service does not base its forecasts upon a 
rigid index or predetermined set of factors, but proceeds on the theory 
that the major forces which control the situation at any particular time 
must be discovered, analyzed, and appraised in relation to the particular 
set of circumstances. The statistical series used are changed from time 
to time. Thus, if the Brookmire analysts were forecasting the trend 
of business in the later 'eighties and early 'nineties, they would watch 
the traffic and earnings of the western railroads; the miles of new railway 
track, laid; the acreage brought under cultivation each year; the crop 
reports; the exports of wheat, livestock, livestock products, and cot-, 
ton; the building of refrigerator cars (one of the new inventions of that 
time); the coinage of silver dollars; and, of course, the national bank 
statements. During the period since 1920, they have watched gold 
imports and exports, building contracts, motor-oar output and registra- 
tion, steel activity, exchange rates, money rates, and commodity prices in 
foreign countries. Federal Reserve statements, and industrial-employ- 
ment reports. 


^ The annual fee for the bulletin service is $120 annually. 
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The Brookmire Service carefully distinguishes between basic trends, 
seasonal variations, and business cycles in connection with its studies of 
the business outlook. Trends are analyzed in relation to growth in 
population, accumulation of capital, progressive improvements in tech- 
nology, exploitation from time to time of hitherto unused resources, 
shifting of population from extractive to urban industries with the attend- 
ant increase in interchange of goods, and other important economic 
factors. 

In order that the composite long-time growth may be understood, 
business activity is broken down into many parts, and the trends of 
individual industries and activities are studied separately. Rates of 
growth in new industries are not the same as and do not have the same 
significance as the trends in the older and more seasoned industries. The 
typical growth of an industry is characterized by small gains at first, then 
a period of very rapid expansion followed by a flattening and perhaps 
eventually a decline. The motor industry, for instance, is considered to 
have become a mature, rather slow-growing industry, although — owing 
to the character of its product — it is still subject to sharp cyclical fluctua- 
tions. Steel production and department store merchandising are other 
examples of mature activities. Businesses in the rapid growth stage 
at present are exemplified by aeroplane and radio manufacture. Indus- 
tries in the declining stage are represented by lumber, which has been 
receding over twenty years, and the domestic newsprint industry, which 
has passed its zenith in the last few years. It is only after the different 
factors which are reasonably homogeneous in themselves have been 
analyzed, that The Brookmire Service arrives at its opinion of the com- 
posite basic trend. 

In analyzing cyc.les. The Brookmire Service also breaks down a partic- 
ular situation into its factors. The service recognizes that there are a 
great many intricately effective forces, and that not all of them are dis- 
coverable by any certain method. They vary in intensity, and they wane 
and die out. Predominant forces of one cycle may play a minor role 
in the next. This service considers the business cycle a permanent and 
unavoidable phenomenon for the simple reason ‘‘that human beings 
will never be able to make any set of economic machinery opera,te 
smoothly at all times.” It points out that periods of prosperity will 
always generate weaknesses, abuses, extravagance, overspeculation, graft, 
and despoliation, and that periods of depression will see these evils abated 
and foundations laid for new advances. While The Brookmire Service 
clearly recognizes that direct active causes of a business expansion and 
subsequent decline baffle complete analysis, ye t it finds that throe influ- 
( mces stand out as dominating the m ajor cycles of the past. These 


are: 
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1. Unusual accretions to the monetary gold stock. 

2. Opening up of vast new resources. 

3. Epochal improvements in industrial or financial technique. 

Seasonal fluctuations are carefully considered from the point of view 

that in general business forecasting they are chiefly of interest in order 
that they may be “eliminated.’' It is important to be able to say whether 
a spring rise or a midwinter lull is merely seasonal, or more or less than 
seasonal. 

In order to indicate the present and past composite business situa- 
tions, The Brookmire Panorama Chart (sec Exhibit 179) is presented 
regularly in the Forecaster. This index is based on a combination of 
copper production, pig-iron production, steel-ingot production, construc- 
tion activity, cotton consumption, car loadings, department store sales, 
and other representative series. While this index helps in determining 
the position of business in the cycle, it is, however, in no sense a fore- 
casting curve, and is simply an indicator of past and present conditions. 
The changes that are expected to take place in the future are determined 
by the cross-section analyses previously discussed. 

Babson’s Reports. — ^^One of the oldest and most widely known of 
the business forecasting services is Babson’s Reports. This service is 
easy to understand, and it has probably caused more business men to 
make cyclical analyses of economic conditions than any other single 
institution. 

The scope of the Babson service is indicated by the following descrip- 
tive list of bulletins; the Bdbsonchart and Barometer Letter (weekly), 
which analyze and forecast the general business situation; the Graphic 
Outlook (monthly), which indicates changes in the major lines of business; 
the Management Supplement (monthly), which furnishes current informa- 
tion on management problems and labor conditions; the Commodity 
Bulletin (monthly), which includes forecasts for the major lines of com- 
modities and makes specific purchasing recommendations; the Sales 
Bulletin (monthly), which furnishes information indicative of sales oppor- 
tunities; the Sales and Credit Map (monthly), which indicates the sales 
and credit outlook by states and cities for various lines of activity; the 
Financial Supplement (biweekly), which analyzes the security situation 
and makes specific recommendations as to what to buy and sell; business 
supplements on problems of special interest; and regular monthly reports 
on Canadian business conditions. In addition, the organization issues 
various other special reports, including confidential releases and special 
opinipns on investments.^ 

^ The.annual subscription rates are as follows: for the business service, $120; for 
the supervised investment service, $120; for the special commodity service, $48; and 
for the complete combined service, $170. 
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In its forecasting work, this organization places considerable reliance 
upon the assumption that the law of action and reaction applies to eco- 
nomics and human relations, en masse, as it applies to mechanics — that 
is, that to every action there is always an opposite and equal reaction 
in business activity as truly as in the realm of physics. This assumption 
is graphically shown by the Bdbsonchart (Exhibit 180), on which the 
areas above the trend line approximately equal the areas below. Under 
this area theory, a long, mild period of prosperity might be offset by a 
deep, short depression as well as by a long, mild depression, but the areas 
should be approximately equal. 

The Babsonchart of United States Business Conditions was especially 
prepared to present a measure of the actual physical volume of business 
activity on a monthly basis over a sufficiently long period of time to show 
the growth factor and also to make possible important comparisons 
between current and earlier periods. It was prepared with the objective 
of indicating changes in the nation’s real (as against money) income. 
The business index comprises 54 series in 7 groups as follows: (1) Manufac- 
tures (flour production; sugar reflning; creamery butter; cattle, hogs, and 
sheep slaughtered; cotton, wool, and silk textiles; shoes; tires; tobacco; 
cement; automobiles; coke; gasoline; fuel oil; pig iron; steel; paper; news 
print consumption; and newspaper and magazine advertising). (2) Min- 
eral production (coal, petroleum, natural gas, iron ore, copper, lead, and 
zinc). (3) Agricultural marketings (receipts of cotton, grain, livestock, 
poultry, and eggs; and carloadings of apples, oranges, and potatoes). (4) 
Building and construction. (5) Railway freight. (6) Electric power. 
(7) Foreign trade. 

Since 1921, all series are in terms of physical volume with two excep- 
tions — public works construction and foreign trade, for which no satis- 
factory quantity series are available. In the case of construction, a 
specially computed monthly cost index is used to convert the dollar data 
to an index of physical volume. In cases of industries that did not work 
366 days a year, adjustments were made as far as possible for the working- 
day irregularities by compiling the series on the basis of average daily 
output. 

The original monthly series were individually adjusted for seasonal 
variation by seasonal indexes determined on a 7-year moving basis. 
Ratios were computed of each month to the 12-month average in which it 
centers. Arranging these ratios according to months, the arithmetic 
mean of the middle three ratios for the respective months in each 7-year 
period was used as the seasonal index for that month in the middle of the 
period. 

The basic formula used in computing the index is Fisher's Ideal 
Formula.” Arbitrary weightings of the individual series have been 




trend. {Ctmiiety, Babaon^s Statiatical Organization.) 
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avoided wherever possible. The totals, however, have been weighted 
according to the value added by manufacture as indicated by Federal 
census figures. The monthly figures can be compared with the 1923-1927 
base by means of the scale on the left of the chart. The scale on the 
right is for the current business index only and expresses it as a percentage 
from normal, the current position of the X-Y line being 0. 

The long-time trend or X-Y line is not eliminated from the Babson 
index, but is left in to represent the country’s net gain or growth. In 
the chart of Exhibit 180, the X-Y line, being on a logarithmic scale, 
indicates a decreasing rate in the long-time growth. (It is of interest 
to compare the position of this trend relative to the cycles, especially 
during the last major depression, with the position of the normals in 
Exhibits 179 and 181, and also in Exhibit 158 on page 331.) 

In its forecasting, the Babson organization considers that the size 
of a prosperity area tends to forecast the size, though not the shape, of tlie 
depression area which is to follow. An area of depression, however, does 
not indicate the size of the following prosperity area. The area curve 
^es not indicate when a prosperity period will end, but it does help in 
determining the degree of inflation. 

While the area index is used by the Babson organization as its basic 
forecasting device, it uses many other indicators in conjunction with this 
index in making its forecasts. Special emphasis is placed upon studying 
stock prices, bond yields, and commodity prices in relation to the area 
index. These series are included on the Babsonchart, The high points 
of the stock market have been found to come in the early part of the over- 
.^expansion areas, and the low points have been found -to come in the 
^^j^arly part of the depression areas. Low money rates and high bond 
prices have usually (but not always) occurred at about the end of the 
depression areas, and high money rates and low bond prices at about 
the end of the overexpansion areas. The major swings of money rates 
sometimes modify the money and security relationships in the area 
movements. Consequently, when studying prices of stocks, their 3deld 
in relation to interest rates and bond yields are studied along with the 
shaded areas of the Babsonchart, Each industry is analyzed not only in 
relation to the areas indicating general business conditions, but also in 
relation to certain other specific factors applicable in that particular 
industry. Careful consideration is also given to commodity prices and 
merchandise sales in connection with the Babsonchart areas. The com- 
modity index curve on the chart shows this relationship. 

In addition to the foregoing historical analyses, the Babson organiza- 
tion makes detailed cross-section analyses of current conditions in the 
various lines of activity. Since neither the intensity nor duration of a 
period of prosperity can be foretold by the size of the preceding area of 
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depression, less emphasis is placed upon the are^^ chart during such a 
prosperity area and more is placed upon the sequence in movements of 
different classes of activities and on cross-section analyses of current 
conditions in the different industries. 

The Standard Trade and Securities Service. — Although the organiza- 
tion now known as the Standard Statistics Company has been in the 
business of collecting and analyzing statistics since 1906, it was not 
until 1921 that it undertook the task of business forecasting. It has 
been one of the most successful of the major services in forecasting busi- 
ness conditions.^ The company has about 35 business and investment 
services in all. The one that is of greatest interest in connection with 
forecasting general business conditions is the Standard Trade and Secu- 
rities Service. 

The Standard Trade and Securities Service analyzes and forecasts 
business and financial conditions and security price trends. It includes 
the following weekly and monthly bulletins: (1) The Business Prospect, 
which is designed to keep the business man abreast of current business 
developments and prospec^ts, and to provide a background analysis of the 
trends of volumes of production, prices, wages, taxes, legislation, and other 
business factors; (2) Outlook For The Security Markets, which provides a 
concise expression of the broad market policy currently advised, together 
with specific investment sugg(\stions; (3) current and basic industrial 
surveys of about 40 major industries and the leading companies in each; 
(4) the monthly market ratings bulletin which provides the subscriber 
with an up-to-date opinion at all times of the relative market attractive- 
ness of several thousand stocks and bonds; (5) the stock earnings guide 
which provides facilities for quick reference to facts regarding earnings, 
financial position, and dividend and price records of every important 
common or preferred stock; (6) statistical bulletins (Basic Statistics) 
whi(;h provide complete and up-to-date statistics on prices, production, 
employment, credit volume, new financing, bank debits, foreign trade, 
etc., with long-term comparisons; (7) special surveys which are issued as 
the occasion warrants and present the results of extensive research under- 
takings upon which the staff is constantly engaged, including economic 
analyses and forecasts covering a wide range of topics; and (8) indexes 
which are provi4cd for the purpose of facilitating reference to the analyses 
and forecasts presented in the various bulletins. Subscribers to this 
service are privileged to call upon the company to a reasonable extent 
for advice upon their investments and upon their financial business 
problems. 2 

^ See Garfield V. Cox, ‘‘An Appraisal of American Business Forecasts,'' revised 
edition, The University of Chicago Press, 1930. 

* The subscription rate is $210 per year for the complete service. 
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The reports of the Standard Statistics Company indicate that two 
general principles predominate in making the forecasts published in the 
Standard Trade and Securities Service. ‘'One is that the company does 
not commit itself to a single fixed system as the basis of its general fore- 
cast; the other is that it is giving progressively less attention to evidences 
of rhythm in general business activity and more to the analyses of each 
situation as a new one.’’^ It is held that the conditions in all major 
business swings are different, and that these constantly changing condi- 
tions, rather than theoretical expectancies, should be given the greatest 
consideration. 

Although the Standard forecasts are based upon many factors, no 
factor appears to have been given greater weight than the condition of 
the credit supply. When “A New Indicator of Stock Market and Busi- 
ness Activity'* was announced in 1921, it was accompanied by a statement 
that "thirty years of charted experience demonstrates beyond reasonable 
doubt that a condition of plentiful credit invariably precedes every 
upward movement in stock-market and general business volume; and 
that credit stringency is the unfailing precursor of every great downward 
swing in security prices and business activity." This indicator consisted 
of three curves showing the major swings of the credit supply, stock 
prices, and business activity. The credit curve was considered to be an 
indicator of later movements in the other curves. The movements were 
reflected first in the curve for stock prices, and still later in the curve 
for general business. Fundamentally, this indicator resembled somewhat 
the Harvard Index Chart and the former United States Barometer Chart 
of the Brookmire service. This barometer of the Standard Service was 
discontinued in 1923 as it was found that it did not adequately forecast 
minor industrial cycles, but the service still holds that ordinarily a major 
depression should not be expected so long as there is an ample supply of 
bank credit readily available for commercial and industrial use. 

Although the Standard Service has given the attention indicated 
above to historical comparison, it places its chief reliance on cross-section 
analyses of current situations. For instance, "in May 1923, when busi- 
ness activity showed signs of weakening, the service arrayed on one side 
the causal forces which it held responsible for the lull, and on the other, th(^ 
fundamental elements of strength in the situation, s^nd decided that 
the business recession would be mild and temporary. Among the factors 
most often given consideration in these studies are stocks of goods on 
hand, prospects for yields and prices of crops, foreign demand, employ- 
ment, prospects for building construction, and business sentiment."- 

^ Hardy, Charles O., and Garfield V. Cox, ** Forecasting Business Conditions,” 
p. 108, The Macmillan Company, New York, 1927. 

*/6td., p. 116. 
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These cross-section analyses of the outlook are usually made for each of 
some 42 separate lines of business activity, and the forecasts of general 
business are built up as a composite from these forecasts of individual 
industries. In emphasizing the importance of this procedure, the service 
has stated that: “Every period of prosperity differs in its fundamental 
characteristics. Prosperity is never a uniform, but always a zig-zagged 
uneven phenomenon, affecting various industries in varjnng degrees at 
different times. The task of those who would properly appraise business 
conditions at any time is to learn what individual industries are the 
I)rinces and what ones are thc^ paupers — and to understand why” 


Standard’s Index of Industrial Production 

Corrected for Seasonal Variation, but 
not for Secular Trend. In Relativea. 

Average Month. 1926>b100 



Exhibit 181. — One of the many charts used by the Standard Statistics Company in its 

forecasting work. 


One of the graphic devices used by the Standard Service is its 
index of industrial production (Exhibit 181), but this is not in itself a 
mechanical forecaster. The course of this curve is predicted on the basis 
of analyses of the current factors which influence each of its components. 
The accuracy of. the servicers forecasts depends upon how well the com- 
ponent forces are identified, measured, weighted, and interpreted. 

Finally, it should be noted that the Standard Service insists that 
there is no scientific basis for forecasting business conditions very far 
into the future. It seldom forecasts farther than several months, and 
there are times when it frankly declines to make general forecasts. 

Moody’s Investors Service. — ^Though primarily an organization 
devoted to the analysis of securities, Moody^s Investors Service is one 
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of the leaders in analyzing business conditions. This service does not 
rely on any fixed mathematical forecasting device or formula. Although 
there may be some uncertainty, due to the freedom of determining at a 
given moment what factors in the situation are the most powerful and 
the most likely to bring about a change, the Moody organization feels, 
after many years of trying to perfect a set of forecasting indexes, that the 
selection of the components of any barometer involves just as much 
uncertainty and chance of error. 


Moody*s Index of 

MONTHLY BUSINESS ACT I V I T Y 

(1923-25=100) 



Exhibit 182. — The above index is published in tabular and Kraphir form in the ‘‘Business 
Review and Outlook” letter of Moody’s Investors Service. 

The main body of information used by Moody’s Investors Service in 
appraising the business outlook comes from its wide contacts with indus- 
try, trade, finance, and other lines of business. The studies made of the 
positions of individual industries and companies, with their activities, 
plans, and possibilities, bring the Moody analysts into contact with a 
great many elements, the composite of which is largely responsible for 
making what is callefd ‘‘general business conditions.” The cross-sec; tion 
analysis of these var3dng elements at a given time constitutes the principal 
basis of Moody’s predictions of business conditions. 

When ma^ng the various cross-section studies, “the theory which 
seems to be most influential in shaping the character of Moody’s fore- 
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casting analyses is that the course taken by business activity is deter- 
mined by business men’s anticipations of profits. The basic question 
to which Moody’s seeks the answer is not how the present rate of activity 
compares with some computed normal, nor whether a given statistical 
barometer has turned downward or upward, but whether in the eyes of 
business men the prospects for profits are growing darker or brighter. 
This practice of taking the enterpriser’s viewpoint and of regarding 
profit prospects as an important clue to business fluctuations accords 
with the views of a number of the most, eminent students of business 
cycles.”' 

One of the published statistical devices used by Moody’s Service in 
analyzing the business outlook is Moody’s Index of Monthly Business 
Activity (see Exhibit 182). This index is a weighted average of bank 
debits outside New York City, automobile production, building contracts 
awarded, railroad carloadings, department store sales, electric power 
(jonsumed in industry, and steel production. Moody’s Service also 
compiles a weekly index of business activity which is an unweighted 
composite of seasonally adjusted carloadings, electric power output, and 
steel operations. The principal value of these indexes is that they help 
in detecting inflation and deflation in general business whenever it rises or 
falls below certain levels. They are not used, however, as mechanical 
forecasting devices, but merely as indicators of one of the many factors 
that must be considered at a given time in analyzing the outlook. 

The Real Estate Analyst. — A vory valuable aid in analyzing real 
estate conditions is the economic service known as the Real Estate Analystj 
published by Real Estate Analysts, Inc., at St. Louis. This service is 
devoted exclusively to the measurement, analysis and forecasting of real 
estate and construc.tion activity. It includes a number of monthly and 
special bulletins on the latest developments in real estate, and on current 
(construction, agriculture, taxation, and other conditions in relation to the 
real estate situation. All analyses and forecasts are presented clearly and 
concisely in textual, tabular, and graphic form in such a manner that 
they can be easily understood by the business man and used for such 
purposes as closing sales with prospects who have some appreciation of 
economic analyses. The service includes an index of real estate activity 
which extends back to 1795. A curve of this index since 1800 which shows 
eight great cycles of real estate activity averaging 1 8 years in length is pre- 
sented in Exhibit 207, page 633, in the chapter on Real Estate Analysis. 

The United Business Service. — A service which is compact in form 
and very convenient in practical use is The United Business Service. 
‘‘Forecasts and opinions are baaed on a weighted average of ‘United 

^ See Garfield V. Cox, Appraisal of American Business F )recasts,” revised 
edition, p. 66, The University of Cldcago Press, 1930. • 
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‘Opinion’ as expressed by such authorities as Alexander Hamilton, Babson, 
Brookmire, Ayres, Gartley, Gibson, Investors Research, Kiplinger, 
Poors, etc.” The Service uses an index chart of business conditions which 
is called ‘‘The United Business Thermometer.” This index is similar to 
the curve in Exhibit 181 when adjusted for trend but it is independently 
computed to represent average conditions. 

Minor Importance to Economic Services of Rigid Devices and Sys- 
tems. — In the preceding discussion of economic and statistical services, it 
was pointed out that the forecasts of these services depend principally 
upon the application of good judgment in analyzing the probable effects 
of many and various factors. Because of the fact that considerable spa(;e 
was given to describing a number of somewhat rigid devices, it is believed 
well to emphasize the point that, valuable as these devices may be when 
properly used, the approaches which might be characterized as rigid 
or mechanical play only a minor part, as a rule, in the forecasting work. 
In other words, these servicies do not depend to any great extent upon any 
mechanical system or, in fact, upon any definite system at all. 

. All of the services mentioned attach considerable importance to 
Icontacts with bankers, manufacturers, merchants, and other business 
imen. Babson’s Statistical Organization has a well-developed system 
/of contacts with various financial, industrial, commercial, and other 
groups. The Standard Statistics Company maintains a field force of 
considerable size for the purpose of keeping in touch with developments 
in various sections of the country. Moody’s Investors Service frequently 
sends men out from the home office to accomplish the same general pur- 
* pose. The Brookmire Economic Service also keeps in close touch with 
business developments through its contacts with the different groups of 
business men. This emphasis on contacts indicates the importance of 
other than statistical procedures or even numerical information in fore- 
casting business conditions. 

Bank Letters’ Forecasts. — In connection with this discussion of 
forecasting services, mention should be made of the monthly letters 
published by the leading banks. Some of these letters evidence very 
good forecasting work. Two of the outstanding letters of the country 
are Economic Conditions published by the National City Bank of New 
York and the Business Bulletin published by the Cleveland Trust Com- 
pany. Both of these letters are furnished gratis to those who are inter- 
ested.* In neither of these reports is as much emphasis placed upon 
forecasting as in the services previously mentioned, but both letters 
present and appraise the favorable and unfavorable factors in each current 
situation, and, after analyzing the relative strength of the opposing 
elements, indicate the outlook in a straightforward, practical manner, 
which is readily understood by intelligent business executives. One 



BUSINESS FORECASTING 


393 


outstanding advantage that the larger banks in the country have over 
private forecasting agencies is that, because of their direct confidential 
relationships with business firms, they undoubtedly have more real 
inside information on the actual conditions and the probable activities 
of the important industries than is possible on the part of any other type 
of institution. 

Financial Magazines. — The better financial magazines and trade 
papers also furnish reliable analyses of the business outlook. Such 
magazines as the Commercial and Financial Chronicle, Dun^s Review, 
Barron^s, and The Annalist are among the publications that should not 
be overlooked. The Annalist weekly article on ^'The Business Outlook^’ 
is a (compact, impartial, and clear-minded analysis of the economic situa- 
tion. The Annalist Index of Business Activity and the New York Times 
Weekly Index, both of which are features of The Annalist, are widely 
accepted and used by business men. An especially valuable feature of 
The Annalist monthly index is that the different series composing the 
index are also presented separately with their relative weights. This 
enables the user of the major index to make better applications to his own 
business. When, in the early part of 1931, for instance, the index was 
dropping to new low points for the current depression, the user could see 
the heavy influence of the drastic decline of automobile production by 
referring to the automobile component. 

Local Business Forecasting. — The national indexes of general busi- 
ness just described represent an average of conditions that are widely^ 
scattered, both geographi(;ally and industrially. It is an obvious fact, 
however, as pointed out in connection with Exhibit 173, that conditions 
in specific localities may vary widely from the average. And if a concern 
having a national market wishes to take advantage of economic condi- 
tions, it must know these individual situations by specific localities. 
Several of the national economic servic^es have made a special effort to 
furnish this information in a limited way. If more complete information 
is wanted, intensive first-hand studies must be made in the locality by 
qualified investigators, and ample opportunity must be given to make 
first-hand cross-section analyses of the many and varying special factors 
that so often greatly influence the interpretation of the more readily 
available indexes. To meet this requirement, there has been a consider- 
able development of local statistical analysis work which is published in 
the form of local economic service bulletins, bank letters, and university 
bulletins, or furnished as special reports by consulting firms. Such 
information is also published by local newspapers and in the promotional 
literature eif private concerns and civic organizations. 

One of the most valuable economic services for use in analyzing local 
conditions is The Real Estate Analyst mentioned on page 391. This 
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service not only gives specific information on local real estate and con- 
struction conditions in most of the large cities and important regional 
areas of the United States, but analyzes many fundamental characteristics 
which the business man can apply in studying his own relationships to 
local real estate and construction activity or to conditions which arc 
dependent upon these types of activity. 

Necessity for Analyzing Industries Separately. — Not only should 
conditions sometimes be analyzed by specific localities, but they should 
’ also be analyzed by separate industries for the reason that certain indus- 
tries do not follow general business activity in a consistent manner. It 
has been established that price-movement curves for agricultural prod- 
ucts, industries manufacturing food products, and the stone, clay, and 
glass-manufacturing group do not correspond to the curves of general 
prices and general business conditions. On the other hand, it has been 
found that price indexes for mining, and for manufactures of iron and 
steel, leather, chemicals, and textiles show cycli(;al swings that correspond 
to the cyclical swings of business. Businesses in the industries first 
named will therefore need to rely upon crop and trade forecasts and 
reports upon the products which they use. Companies in the last- 
named industries can use studies of general economic conditions to a 
much greater extent in estimating the external business forces which will 
affect sales. ^ And businesses which follow the long swings of real estate 
and building (see Exhibit 207, page 533) require a still different type of 
analysis. 

Applying Economic Service Forecasts. — It is obvious from the fore- 
going brief discussion that the economic and statistical services mentioned 
provide the business executive with statistical analyses of the outlook 
at a cost which is relatively low, as compared with what it Ayould cost 
him to make these studies in his own organization. As previously indi- 
cated, if the concern is small, it may be impractical to use other statistical 
analyses of. economic conditions. If it is large enough to have its own 
statistical department, it may use these services as aids in its own fore- 
casting work. 

In using economic services in business, it is of the utmost importance 
that the executive appreciate their limitations. At the outset, he should 
appreciate that it is the purpose of economic and statistical services to 
help the business man make better analyses of future conditions than 
he could without them. Even when they give definite advice as to what 
to do, the business man must qSalify the suggested acts in relation to 
his own business. In applying the forecasts he should realize that, 
while they will not always be right, the fact that they are right most of 


' Based on studies of Warren M. Persons. 
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the time will enable him to improve his own estimates of the future. 
For the reason that these services do not always agree regarding the 
outlook, and regarding the factors which cause a certain situation, it is 
often desirable to follow more than one service and many organizations 
subscribe to several. 

In making the best practical use of economic services, the executive 
should appreciate the fact that the best business forecasting is subject 
to many limitations. The date that a depression will begin ordinarily 
cannot be forecast closer than from six to nine months, nor can the depth 
and length of a depression be closely predicted. Likewise, the time of the 
beginning of a period of prosperity cannot be foretold with (jertainty, 
nor can its height and duration be determined in advance. In spite of 
these limitations, however, the executive finds the economic service 
reports of great value in planning his operations and in determining his 
policies. Even if the precise moment of decline or improvement cannot 
be predicted, it is highly impbrtantxo know when the conditions requisite 
for a change in the situation have been fulfilled. 

As pointed out previously, none of the reliable economic services 
depends solely upon mechanical forecasting devices, and the tendency 
is to place more and more emphasis upon cross-section analyses of factors 
responsible for future business changes. Conclusions from historical 
sequences cannot be used alone. Even if certain sequences have been 
observed to occur with rigid regularity over a considerable period of 
time, one cannot be sure that conditions will not change and that the 
significance of the indicator will not also change. No one feels this lack 
of confidence in rigid mechanical forecasters more than the practical 
business executive. In using the forecasts, he must be able to visualize 
causes and effects as clearly as possible, and check them with his own 
judgment, if he is to make intelligent applications. 

Ordinarily the business man wifi not and should not rely upon a fore- 
cast, unless he can understscff3^e reasons for the probable occurrences. 
For this reason, the economic services^ causal analyses are carefully 
described and presented along with their forecasts so that the executive 
can make the proper qualifications in applying the forecasts in his own 
business. The business man must continuously forecast conditions in 
his own firm, whether or not he makes a systematic effort to do so, and 
the clearer and easier the economic service forecasts are to understand, 
the more readily he can apply them in improving his own plans for the 
future. 

More specific uses of economic services are illustrated by the applica- 
tions made by the Walworth Manufacturing Company. 

An Illustration of the Practical Use of an Economic Service. — This 
illustration has been selected not only because it shows how a business 



396 


BUSINESS STATISTICS 


concern made a definite use of a forecasting service, but also because it 
shows how the experience gained was used in developing improved meth- 
ods of forecasting the concern’s own particular conditions. 

To compare statistically one company’s business with general business 
activity as a whole, obviously each will have to be measured or expressed 
in comparable terms. The usual statistical processes of determining and 
eliminating trend and seasonal variation may have to be applied. If the 
general business curves published by economic or statistical services 
are plotted in terms of standard deviations from normal, the sales of 



EJxHiBiT 183. — In making use of the Harvard Economic Service, the Walworth Manu- 
facturing Company found a close relation between the Harvard Business Curve and the 
Company’s sales. 

the individual business concern over a similar period of years ordinarily 
should be reduced to these terms also to obtain a strictly comparable 
curve, although rough comparisons can usually be made without making 
such computations. 

When the statistical section of the Walworth Manufacturing Com- 
pany was inaugurated during the depression of 1921, it was thought at 
first that the principal problem was simply that of finding out where the 
Walworth business stood with relation, to general business. ^ Accordingly, 
the Walworth sales were reduced to the proper terms and a comparison 
was made with the Harvard ** Business ” curve. The close relation for the 

.^The Walworth Manufacturing Company, with headquarters at Boston, has 
several factories for producing valves, fittings, and accessories for steam, water, gas, 
oil, and air piping systems. This output, together with some purchased items, is 
marketed through jobbers and branches. The information on the use of the Harvard 
Economio Seryioe by the Walworth Manufacturing Company in 1021 was published 
in an article by tl^e company’s President, Howard Coonley, in the Harvard Busihevv 
BevieWf Vol. I, pp. 387-391. 
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period from 1903 to 1914 is shown in Exhibit 183. This study indicated 
that the Walworth Manufacturing Company not only had a business 
cycle of its own, but that its cycle had a definite measurable relation to 
that of general business. The company was, therefore, in a position 
to use, in a very tangible way, ^he forecasts which were made by the 
economic services. That is, the study indicated that the forecasts of 
the economic services might be taken as general forecasts of the Walworth 
Company's business. 

In the summer of 1921 the Walworth Company had its first oppor- 
tunity to make use of its discovery. At that time, the Harvard B curve 
gave definite assurance that general business was scheduled for an 
advance. Even when the company was not previously prepared, its 
record showed that it was following closely the major movements in 
general business (see years 1919 to 1921 in Exhibit 183). Accordingly, 
the company set about to prepare to take advantage of the cyclical 
changes in business conditions. 

Since making the relatively simple analyses in 1921, the Walworth 
Company has developed a detailed specialized system of its own, which 
is more satisfactory for its own particular line of business. The point 
has been made, however, that the experience gained in making definite 
applications of the economic service forecasts was of considerable value 
to the company initially in developing its own forecasting system. The 
relation between the Harvard B curve and Walworth sales is still reason- 
ably close, but the company now uses the economic services only as 
general aids in making its forecasts. 

In its forecasting work, the Walworth Company uses a number of 
carefully developed statistical devices. Obviously, a detailed discussion 
of the methods used in developing such devices would require much 
more space than can be devoted to it in this text, and the reader must be 
referred to the more specialized articles and books for a complete descrip- 
tion. One of the most important of these statistical devices, however, 
the Valve and Fittings Index, will be discussed briefly for the purpose of 
indicating how these devices are developed and applied.^ 

The Walworth Manufacturing Company’s Valve and Fittings Index. — 
When the Walworth Manufacturing Company decided to take advantage 

^ This discussion of the Walworth Valve and Fittings Index is based upon informa- 
tion furnished by Joseph H. Barber, Assistant to the President and Chief Statistician, 
Walworth Manufacturing Company. Much use has been made of his published 
material, especially “Scientific Approach to Forecasting in the Valve and Fittings 
Industry,” a paper presented at the Institute of Management held in Chicago, 
November 12, 1928, and articles and books on the subject published through The 
Ronald Press Company, New York. For detailed explanation of the methods used in 
the company’s forecasting work, the reader is referred to these publications. 
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of economic conditions in 1921, the first step was to make a detailed 
investigation of its own particular products and markets. When the 
initial survey for sizing up conditions and needs had been completed, the 
company came to appreciate that its earlier confusion had resulted from 
seeing too many elements of its business at once; it was looking at orders, 
shipments, production, quantities, prices, collections, works, and branches 
all in the whole and as a mass. Consequently, the next step was to 
segregate elements and define specific problems for solution, looking at 
the business as a basic industry, and realizing that the demand for its 
particular products must be subjected to a rigid analysis of its own. 

One of the first discoveries that the statistical department made was 
that the company’s own business was among the first to show the effects 
of economic changes. For this reason, there could be but little chance of 
finding any barometer series which would move ahead of the company’s 
own cycle. Even the movements of the stock market did not regularly 
precede those of the company’s own line of business. Consequently, in . 
order to predict future changes, other methods had to be devised. 

In looking for barometer suggestions, it was observed that the manu- 
facturer thinks of business in terms of shipments against orders. 
Although financially he must figure profits against actual shipments, to 
him business is good when his distributors are ordering in large quantities, 
and business is bad when the volumes of orders are small. The company 
became coiivinced that the front-line merchants, who carry the manu- 
facturers’ stocks against the future requirements of the ultimate con- 
sumer, are in a position to become expert judges as to future prospects, 
because, in relation to the consumer market, they weigh conditions, they 
size up probabilities, they inspect the foundations of sentiment to see 
whether it is currently optimistic or pessimistic, they justify or condemn 
the going price level, and in their ordering on the manufacturer, they 
register their own confidence or lack of it promptly and always in a very 
tangible way. Of course it is always well to check dealer opinions with 
independent analyses of fundamental conditions in the principal con- 
sumer markets. In accordance with this theory, it was finaUy decided 
that order volumes relating to the valve and fittings industry appeared 
to be the timeliest and most significant index for guiding the Walworth 
executives in planning for a stabilized manufacturing control. 

Accordingly, the Valve, and Fittings Index was developed, which 
finally became an average of 16 separate indicators of national demand 
for valves and fittings. Eleven of these indicators were selected because 
they would actually measure the relatively stable volume of ordering 
or contracting in the building, the equipment, and other national indus- 
tries in which there is di^mand for valves and fittings. And, given equal 
importance in the average, there, were five sensitive indicators of the 
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actual quantity of orders placed upon nationally representative producers 
for sanitary ware, brass faucets, and other. produ(;ts usually associated 
with the valve and fittings line. As finally developed, the Valve and 
Fittings Index has these distinctive features: It is a broad sample of 
conditions; it measures jobber psychology; it is an index of the trend of 
demand; it measures the quantity of going business; it turns the corner 
ahead of many other barometers; and it swings higher and lower than 
other barometers. 

Forecasting the Movements of the Valve and Fittings Index. — In 

developing its own method of interpretation and forecasting, the <;om- 
pany considered separately four different methods of forecasting, which 
the chief statistician designates as follows: (1) by historical analogy; 
(2) by time lags and cycle sequences; (3) by “reading the averages 
and (4) by analyzing “statistical positions.^^ This classification will bo 
adhered to in the discussion of the index which follows. ' 

The company had good records which showed its business cycles 
before the war, but it did not have sufficient confidencci in the first method 
(historical analogy) to make it the basis of its forecasts because of the 
risk that deductions from pre-war precedents might not always be appli- 
cable to post-war forecasts.^ As previously indicated, the se(;ond method 
(time sequences) could not be used because no series could be found which 
would precede the movement in the company^s own curves. According 
to the comj 3 any\s chief statistician, “all our experience had argued against 
reposing confidence in anything but demonstrated natural relationships 
between cause and effect. Analogies and correlations, that were dramatic 
enough in themselves, would quickly disclose their weaknesses when 
forced to explain the reason why,’’ This left the company the last two 
methods with which to forecast changes in its orders index. And it 
found that it could use both the method of “reading the averages” and 
the method of “analyzing statistical positions” as aids in predicting the 
course of the Valve and Fittings Index. 

The Statistical Department studied how forecasting by “reading the 
averages” was utilized (in connection with stock-market activities) in 
developing predictions by reading meanings into the market price actions 
or reactions, the changes or lack of changes, and the fluctuations or 


'This classification is consistent with the one on p. 372 in which ** historical 
analogy** and “time sequences** are included under “historical analysis,** and in which 
“reading the averages** and “statistical positions** are included under “cross-section 
analysis.** 

* “ Historical analogy ** should not be confused with “ historical analysis.” Briefly 
stated, the.procedure in historical analogy is to find a past situation or situations in 
which the fundamental factors involved appear to be like those in the present situation. 
Then the forecast is based on what followed in these similar past situations. 
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stabilities as.revealed by the index curves themselves. For many years, 
expert traders on the stock exchange had relied upon this method for 
interpreting the fluctuations of the average prices of stocks. Since they 
had found nothing that would automatically forecast the general market 
trend, which they needed to know as a background for judging prospects 
for their particular stocks, they developed a reasonable theory of inter- 
pretation from the action of the curves themselves, and their terms are 
now familiar to many of us. Such phrases as ^‘bull movements,'^ resist- 
ance point,'' ^'intermediate phase," "support level," "forming a line," 
and so forth, are terms now having definite significance. 



Exhibit 184. — The monthly fluctuations of the Walworth Valve and Fittings Index com- 
pared with its cyclical tendencies. {Courtesy ^ Walworth Manufacturirig Company.) 

To illustrate hoW the Walworth Manufacturing Company uses the 
method of reading the averages, let us consider an interpretation made 
about the middle of 1926, which is shown graphically in Exhibit 184. 
In this chart, the index curve is smoothed to indicate the business cycles 
clearly and siiiiply,.the curve being located according to the year's moving 
average of the monthly plottings of the index. The following paragraphs, 
abstracted from the interpretation published at that time, are illustrative 
of the method of "reading the averages," as applied in interpreting the 
order demand index. 

"Looking at the heavy smoothed curve (Exhibit 184) we see that, 
since 1921, there has been a continuing and persistent wave-like up-and- 
down movement, and that recently we have been riding along the crest 
of such a wave. In view of what we know of conditions influencing the 
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cyclej3 since the war, it seems reasonable to assume that we have been rid- 
ing on the crest of the wave and that the immediate tendency is downward. 

''The percentage bars in the inset diagram of Exhibit 184 show how 
average ordering rates in the high and low four-month periods varied 
from the conditions represented by the smoothed curve which would 
have persisted, if there had been no 'fits and starts^ in ordering. Now, 
couple this clear indication with a reasonable projection of the cycle 
tendency itself and if none of the other checks contradict this indication, 
you have a reliable basis for fixing budgeting policies according to the 
business cycle.'' 

The foregoing indicates how an interpretation is made by the method 
of "reading the averages." Although too much importance should not 
be attached to this method, it does serve as a valuable check. Much 
greater emphasis is placed upon the method of analyzing "statistical 
positions," which will now be discussed. 

At the outset, the Walworth Statistical Department studied how 
forecasting by analyses of "statistical positions" had been applied in such 
problems as determining when to buy stocks or when to purchase com- 
modities. The method consisted primarily of fact gathering and cross- 
section analysis of all matters bearing directly upon the particular stock 
or commodity. Accordingly, a plan was developed whereby each of the 
elements affecting the Valve and Fittings Index could be analyzed sepa- 
rately and then the several e;lemental forecasts (jould be combined to 
develop average forecasts. 

To illustrate the method, let us consider how the statistical position 
of one of the components was analyzed in 1928. The example selected 
is "Producing Oil Wells Completed." Much of the oil industry's demand 
for valves and fittings is to satisfy the needs of new oil-well construction. 
This industry is sensitive to economic changes, and careful study shows a 
definite correspondence between the results that occur and the economic 
factors that should cause such results. In this industry, just as in any 
other, it is ultimately the adjustment or maladjustment of supply and 
demand that causes price stability or price variations. Since gasoline, 
the principal product of crude oil, is the primary foundation on which the 
whole industry rests, a device measuring the balance of supply and 
demand for gasoline should prove valuable in revealing the industry's 
prospects. If this current supply of gasoline exceeds that being con- 
sumed in the market, then, at least theoretically, the price of gasoline 
should fall. As a matter of fact, the gasoline price situation is so closely 
tied up with crude-oil price conditions that almost coincidentally crude 
oil prices will also decline. 

The upper curve in Exhibit 185 shows the Walworth index of gasoline 
supply versus demand. Note that the curve is plotted on an inverted 
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scale so that decreasing supply (rising curve) will appear to represent 
improving conditions. The lower curve shows oil-well completions. 
A comparison of the two curves shows clearly that the gasoline situation 
has been definitely improving for a considerable time prior to a corre- 
sponding increase in the number of producing oil wells completed. This 
is a reasonable sequence. As long as gasoline demand lags so that crude 
oil prices are depressed to unprofitable levels, there is a natural pressure 
against adding to the supply of crude oil by bringing in surplus produc- 



ExHiBiT 185. — Chart used in analyzing the ** statistical position” of the petroleum 
industry. The movements of the upper curve tend to forecast changes in the lower curve. 
{Courtesy^ Walworth ManufouAuring Company.) ^ 

tion. But when gasoline demand increases and oil prices rise again, there 
is sufficient inducement for producers to ‘‘bring in” the new wells. A 
new cycle of recovery then appears to be under way. And, to the extent 
that this factor is important in the average of demand as measured by 
the Valve and Fittings Index, to that extent would this specific indication 
forecast a new cycle of recovery for that average. 

In the same manner, the other elements in the index are analyzed, 
and finally the combined resuUs of the various analyses indicate the 
direction that the Valve and Fittings Index is expected to take. 

The General Motors Divisional Index. — A brief reference to the 
General Motors Divisional Index will be helpful in further illustrating 
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the practical application of business forecasting in a specific industry. 
It will also emphasize again the importance of making cross-section 
analyses of current conditions. 

The General Motors Corporation must take into account the com- 
petitive situation and business conditions in general as they affect its 
automobile and other lines of business. The relation of developments 
in competing lines is a part of the competitive situation. Among the 
important indicators of business conditions, which arc considered, are: 
agricultural conditions as reflected by crop reports and prices of farm 
products; the livestock situation; the state of general industrial employ- 
ment; the trend of commodity prices; the volume of industrial production; 
credit conditions as indicated by bank statistics and interest rates; and 
the probable effect of fluctuations in the securities markets on business' 
sentiment. 

The capacity of the company\s dealer organization must be considered 
in the light of any impediments which would be likely to restrict or 
hamper its sales or effectiveness. Examples of such impediments are 
the accumulation of used car stocks, the introduction of a companion 
car to be sold through the same organization, inability to expand capital 
and personnel to keep pace with potential demand, inadequacy of dcaler\s 
capital, and an uneconomical situation of a dealer (such as a place of busi- 
ness which is too extravagant). Furthermore, the company must study 
the probable influence upon sales appeal of special mechanical features of 
the product, as well as the factors of style, general performance, and 
serviceability. 

As a result of the best judgment that can be brought to bear on the 
problem at a given time, the company arrives at what it calls its ** Divi- 
sional Index.’' This Divisional Index means its best guess of what the 
retail sales for a particular line of cars will be during the ensuing sales 
year. This does not mean that it sets up an arbitrary quantity in accord- 
ance with which the production is determined, regardless of what may 
afterwards happen. The Divisional Index is under continual scrutiny, 
and is adjusted immediately when the trend of events demonstrates 
the desirability of revising the expectations. 

Subject to the foregoing adjustments, the Divisional Index at any 
given time is accepted as dictating the basis upon which production should 
be scheduled. In other words, production is always scheduled with 
regard to the expected requirements for the complete sales year. It does 
not follow, however, that production in any given month should be 
exactly one-twelfth of the year’s production, for there is a seasonal varia- 
tion in consumer demand which must be taken into account, and it is 
usually desirable to shade production somewhat during the dull season 
so as to modify the seasonal accumulation of stock. It is perhaps best to 
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compromise between the desirability of a level rate of production in the 
interest of manufacturing economies and a fluctuating rate of production 
in the interest of minimum stocks in the hands of dealers. 

On the twenty-fifth of each month a complete forecast is submitted 
by each of the company’s divisions for the current month and three 
succeeding months. This includes a forecast of retail deliveries by 
dealers. The company also has complete information as to actual retail 
deliveries, by months, in the past. Thus, at all times, it has available 
the actual records of the past as well as a forecast of retail deliveries 
for three or four months ahead. The accumulation of these records of 
retail deliveries by dealers, covering a number of years, and the analysis 
of state registration data furnish a good means of appraising the ordinary 
characteristics of the company’s business. 

The company has found from experience that as it proceeds with the 
continual analysis of deliveries and forecasts, and measures its perform- 
ance and prospects in the light of seasonal expectancy, it can detect 
changes in trends and recognize disappointments or improvements well 
in advance of what would be possible through any other means. 

For example, let us suppose that it is the latter part of November 
and that the Divisional Index was made as of August 1. Data on actual 
retail deliveries for August, September, and October are at hand. Let 
us assume that this record was such as to support the expectancy of the 
Divisional Index. When the forecast for November, December, and 
January was prepared a month previous, it appeared to be reasonably 
in line with past actual experience, seasonal conditions and any other 
known influences being considered. Since reports of retail deliveries 
are received from the dealers three times a month, the company knows 
what these were during the first 20 days of November. If they are in 
line with the forecast for November there is no need, from statistical 
observations, to modify the Divisional Index. If the actual deliveries 
during that period are out of line with the forecast for November, this 
is the first flash or caution signal indicating that the Divisional Index 
may require modification. And so the General Motors Corporation 
proceeds to analyze past performance and forecasts of retail deliveries 
month after month. During each month, 10-day delivery figures, 
reported by the dealers, are compared with the latest forecast for the 
month. Ordinarily, the Divisional Index is not actually modified because 
of a statistical indication of a new development covering a brief period 
of time. The indication is taken as a caution signal, and the situation 
is watched as it develops to see whether there seems to be a sustained 
change.^ 

^ This discussion of the General Motors Divisional Index is abstracted from Fore- 
casting and Planning as a Factor in Stabilising Industry,” by Donaldson Brown, 
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Specific Planning of Internal Operations.— Finally, it is desired to 
emphasize the point that business forecasts must be used subject to the 
limitations that they are often indefinite and sometimes inaccurate. 
The nature of the forecasting problem is such that these limitations will 
undoubtedly exist for a long tinie, if not forever. If the executive prop- 
erly understands these qualifications, however, the applications that he 
makes can be definite and his estimates of the future will be more accurate 
than they would be without them. To apply definitely these and other 
principles of planning to the internal operations of an organization is 
the object of the next chapter. 

i 

Questions and Problems 

1 . Explain what is meant by forecasting. 

2. Can technical statistical methods of analyzing and forecasting business 
conditions entirely replace judgment and experience? Explain. 

3. Explain the general effect of mathematical training and the knowledge of 
statistical methods upon the business analyst. 

4. Explain four common limitations of statistical methods. 

6. Discuss the danger of allowing refined statistical, methods involving spurious 
accuracy in computation to be used in business problems. 

6. Give a list of questions that arc useful in checking the adequacy of the sta- 
tistical methods utilized in any given business problem. 

7. Discuss the “statistical third degree.'' 

8. Discuss the importance of forecasting in business problems. 

9. Can valuable forecasts be made by simple methods? Explain. 

10. Do business conditions vary in different large areas? Are variations evident 
in local areas? For what area should business conditions be studied? 

11. Describe a method of estimating office space requirements during the next five 
years in your particular city. 

12. Explain (1) historical analysis, and (2) cross-section analysis in relation to 
forecasting. 

18. What is a “business barometer”? 

14. How can mathematical projections of trends be used in forecasting? 

16. To what extent can the stock market be relied upon to indicate future general 
business conditions? 

16. What curves are shown on the Harvard Index Chart of General Economic 
Conditions and what data are included in each at the present time? 

17. What is the relation of the Harvard curves to each other and how can they 
be used in forecasting? 

18. Name several economic services that forecast general business conditions in the 
United States. 

19. Describe the scope of The Brookmire Economic Service. 


Vice President in Charge of Finance, General Motors Corporation, published in Sales 
MananemenJtf January 26, 1029. 
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20 . What statistical methods are used in The Brookmire Forecasterf Name three 
influences which that company believes have dominated past cycles of business. 

21 . What services are included in Bahson^a Repartaf The Babaonchart shows 
physical volume of business as a composite of what groups of data? 

22 . Is trend eliminated on the Babaonchart? Is seasonal variation? Is price 
inflation? 

28 . In addition to the physical volume of business index, what price indexes are 
included in the Babaonchart? 

24 . In relation to general business conditions, when are high and low points usually 
found in stock-market activity, and when in money rates, according to the Babson 
and Harvard services? 

26 . Describe the analysis and forecasting services of the Standard Statistics 
Company. 

26 . What general methods does the Standard Statistics Service employ in making 
forecasts, and which general method is most used? 

27 . How does the Standard Statistics Company apply cross-section analyses to 
current situations? 

28 . What data are used in Moody’s Investors Service in forecasting business 
conditions? Are mathematical devices used? 

29 . What barometer does Moody’s Investors Service publish, and what two 
curves does it include? How is it used? 

80 . Describe the service of The Real Estate Analyst. 

81 . Describe The United Business Service. 

82 . In connection with forecasting, why do economic and statistical services 
maintain close contacts with business men? 

88. Name several publications or organizations, other than those considered 
above, that measure general business conditions and that comment on the general 
business outlook. 

84 . Is the forecasting of local business conditions important? Why? How can 
work of this type be done? 

86. Do price curves for all products move in conformity? What important price 
indexes fluctuate with the cyclical swings of business? 

86. How definitely can business changes be predicted? 

87 . How can the business man in planning his business make practical applications 
of information furnished by economic and statistical services? 

88. In order to compare the sales of a given business with general business activity, 
to what statistical treatment should both sets of data sometimes be subjected (i.e., 
to what terms should they be reduced)? 

89 . What index of national demand did the Walworth Manufacturing Company 
develop as an aid in forecasting its business? In using this index of orders, what 
methods of analysis does the company apply? 

40 . What sort of analysis of business conditions does the General Motors Corpora- 
tion make for forecasting its business, and what are some of the business data which 
it considers to be important indicators? How do conditions with the company’s 
dealers affect sales, and what conditions are important? What is the nature of the 
General Motors Divisional Index, and how is it used? 

41 . On the basis of series which indicate business conditions in the city or area in 
which you live, analyze the outlook for the following year. 

42 . On the basis of a study of the bulletins of the leading economic services, make 
up a composite report advising the president of a large bank as to the probable busi- 
ness conditions during the following year. 
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Note to the Instructor Regarding Problems 

Many instructors find it desirable to assign a “term report” or statistical project 
when the class has covered the material presented in the preceding chapters of this 
book. At t^p ends of the question and problem lists which follow the present chapter 
and those that remain, a number of practical surveys and investigations are suggested, 
which can readily be assigned as term reports to supplement or take the place of the 
usual laboratory assignments during a period of from three to six weeks. If it is 
desired to assign term reports, it is suggested that the student be instnicted to look 
over these problems, selecting one in the field in which he has the greatest interest. 
It is further suggested that, though the class as a whole may study the chapters in the 
order presented, the student study the chapter from which his problem is selected, out 
of order, as a background for preparing his report. 

The authors believe that the emphasis in these reports should be placed upon 
securing practical results. For instance, if the student is analyzing the business cycle, 
it is suggested that instead of using the laborious methods involved in determining 
trends by the method of least squares or determining seasonal variations by the 
method of link relatives, the student should try his hand at a free-hand trend and 
one of the simpler methods of computing seasonal variation, with the emphasis 
being placed upon supporting his findings through logical analysis. Care should be 
taken in outlining the investigation at the start. Appendix IV to this book should be 
helpful in this connection. The student should also give careful attention to the 
preparation of his report. Suggestions on preparing a report are given in Appendix V. 
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If a business concern is to take the greatest advantage the fore- 
casts and analyses described in the preceding chapter, it must have a 
specific, detailed plan of future operation definitely worked out and 
expressed in monetary units. That is, it must have a budget. Although 
thp details necessarily vary in different organizations because of differ- 
ences in their markets, production periods, financial obligations, etc., 
there are, nevertheless, certain principles that are fundamental in sjrs- 
tematic planning or budgeting, and it is the purpose of this chapter to 
describe these principles and to indicate how a practical business budget 
is developed through the use of statistical forecasts and analyses. 

Business Budgeting Defined . — Aa the terms are commonly used, 
there is no definite dividing line between “forecasting” and “budgeting.” 
In fwt, when they are loosely applied, there is considerable overlapping, 
and either of the terms is sometimes used to include the other. In this 
discussion, however, it is necessary to draw a sharper distinction for the 
purpose of study and analysis, forecasting, is meantJtlie predicting 
of w hat is likely to happe n on the basis of wfdyses of both extemsd and 
internal conditions. By budgeting, is mean t the develop ment and applica - 
tion o£,Ac4^ffi^I]^lSl!3l^=^bui-.^2£JnimtaLQpezatiQns.that-ia..^Q3tem- 
aticall y coor dinated with the conditions tha t-are ex pected on the b as e a of 
tiie forecast s. This distinction, however, is principally in how the empha- 
as is placed, for forecasting includes some of the same work that is done 
in budgeting, and budgeting automatically results in the making of some 
netV'lbiKcasts. Mere planning for the future in a general way does not 
bimstitute budgetary methods; definitely planned operations, and the 
;<Q0ordinAtion of the parts of the business to carry out the planned pro- 
cedure, are essential to real budgeting. 

The term “budget” is often loosely used in the sense that it is only 
an estimate. In such instances, failure of actual occurrences to measure 
up to the estimate is.expected, for the budget is treated as a goal or ideal 
I’ celdbrn, if . ever, to be achieved. Again, the budget is sometimes con- 
t&iered to be only a device for curbing expenditures. The basis for the 
. httobDaents has ..often been either the requirements of the departments 
|ihet periods, or .^hatr these requirements should have been in past peri- 
According to the judgment the management. In these instances, 
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future conditions and changing methods have not been considered in 
fixing the allotments. 

Although budgetary methods do include both the making jHT estimates 
and the curbing of expenditures, these are but part of life budgeting 
process. A real budgeting plan involves something mucKT more definite 
than an estimate or goal; it is carefully based upon forecasts and analyses, 
and it is expected that the plan will be carried out in detail. A real 
budgeting plan also includes much more than the authorization of expen- 
ditures; it definitely indicates future income, and coordinates the plans 
for expenditures with the income plans. 

Preparing and Operating the Budget. — Budgeting may be said to 
include (1) the preparation of detailed plans for future operation; (2) a 
check-up or comparison of the actual results with the detailed plans; and 
(3) a continual revision of the plans previously prepared, in order to correct 
for changing conditions and new developments/^ By planning all the 
phases of a concern^s activity for an extended period in advance; by 
checking up on the plans frequently, and by reorganizing them when 
necessary to meet changing material supplies, labor situations, plant 
facilities, demand conditions, etc.; and by continually comparing actual 
performances with those planned — by these methods a practical and 
effective system of control can be developed and maintained. 

Yet it is not to be assumed that it is a simple matter to prepare detailed 
plans that provide for all emergencies or that even provide for the ordi- 
nary course of business activity. The preparation of such plans often 
requires the careful collection of a considerable volume of statistical 
information, intensive study of the information obtained, and keen judg- 
ment in applying the facts. Nor is this the task of one employee or 
executive of the business. The cooperation of all departments through 
the department heads is essential, and these executives must assume their 
share of responsibility in preparing the plans. Thus, the sales depart- 
ment must assist in collecting information as to the volume of sales which 
may be expected, the production department must compute its require- 
ments in view of the expected sales, the general office manager, the per- 
sonnel manager, the credit manager, the sales manager, and all other 
department heads must prepare detailed statements of anticipated 
department expenses. Then, meeting as a budget committee, these same 
executives can work out the final plans under the direction of an execu- 
tive^ in charge of the budget. 

Also, one should not surmise that^he administration or control of a 
business enterprise, after the budget plans have been prepared, is an 

^ Usually the comptroller (sometimes called controller”) is best fitted for operate 
ing the budget, whereas the president or general manager assumes the responsibility 
for the adoption of budget plans, subject to the final action of the board of directors. 
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eBisy task. The budget method is only a tool or instrument for control. 
It is not an end in itself ; it is but a means to an. end. In fact, the use of 
budgetary methods requires more careful and continual executive' control 
than where budgets are not employed. The business manager who is 
content to manage a business on the basis of the policies of the past and 
who does not carefully plan the details of the future has an easier task 
thin one who employs budgetary methods. Under the budget, the 
general manager and all department officials must watch for changing 
conditions, must anticipate new methods and problems, and must cooper- 
ate with each other in changing business policies or methods. Thus, 
executive control under budgetary methods is a more sensitive control 
in that it provides for the recognition of ever changing forces influencing 
business activity. But it also requires more analytical ability on the 
part of the business executive, and the ability to obtain the cooperation 
of all departments. 

In a later chapter (Chapter XXV), the problems of control and the 
part which statistics may play in executive control will be considered 
from the standpoint of the executive looking down upon an operating 
organization. In the present chapter, we shall consider chiefly the first 
step in budgetary operation — namely, the preparation of the budget 
plans. Particularly, we shall point out how the business forecasts (dis- 
cussed in the preceding chapter) are applied, and how certain other 
statistical information and analyses are used in formulating these plans. 

Parts of the Budget; — ^The budget plans as a whole are called ‘‘the 
master budget.” There are five main parts of t]jp master budget. ^ In a 
manufacturing plant these are: 

1. The sales budget. ^ . 

2. The production budget. 

3. The expense budget. 

4. The plant-requirements budget. 

5. The financial budget. 

In a merchandising business, the production budget is replaced by the 
budget of purchases. 

The detailed budget plans are usually prepared on a value or dollar 
basis. Sales and production plans can be made on a physical quantity 
as well as on a dollar basis. However, since the other budget plans must 
be miule on a dollar basis, sales and production plans must necessarily 
use this basis. As a supplementary method,^ the physical-quantity 
budget of sales and production can be used where statistics on the quanti- 
ties of products manufactured and sold are maintained. 

; ^ familiar with accounting statements will recognize that the 

budget consists of two main statements or exhibits and at least 
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two supporting schedules. The first exhibit is the estimated profit and 
loss statement, and it is prepared chiefly from the sales budget, the pro- 
duction budget (which includes production costs), and the expense 
budget. The second exhibit is the estimated balance sheet setting forth 
the expected condition of the business at the end of the formal budget 
period. Other balance sheets often are prepared showing expected condi- 
tions at the end of intermediate parts of the formal budget period. To. 
obtain the estimated balance sheet, the expected inventories are deter- 
mined from the production and sales budget (or the purchases and sales 
budget in a merchandising concern), the estimated fixed or plant assets 
are obtained from the plant-requirements budget, and the cash, receiv- 
ables, and payables are taken from the financial budget. Thus, the 
sales, production, and expense budgets comprise the profit and loss 
exhibit, and the balance-sheet exhibit is obtained by two supporting 
schedules which present the plant-requirements budget and the financial 
budget, respectively. 

The Sales Budget. — ^The preparation of a complete budgeting plan 
usually begins by determining, on the basis of demand forecasts and 
other market analyses, how much the concern can sell. This sales fore- 
cast indicates, in turn, how much the manufacturer should produce, or 
how much the merchant should buy. In other words, the probable 
volume of sales determines the probable scope of a conccrn^s operations, 
and logically the determination of this is the first step in preparing the 
budget plan. At this point in the discussion, we will assume that we 
have already determined the conditions of the market. (The details 
of making such market analyses will be described later in Chapter XXI.) 

As indicated above, the making of the budget plan usually begins 
with making a forecast of the particular concern^s sales, but sometimes 
the volume of sales is determined by factors other than the probable 
extent of the market. It is very important to recognize these other 
factors when they exist. There are many local canning factories, for 
instance, which cannot expand their production if the local crop is poor, no 
matter how good the market may be. Again, in years when crops are 
good, they may be obliged to manufacture larger quantities than would 
be absorbed readily by the market, in order to have the local growers 
produce large enough quantities during the years that market conditions 
are favorable. This practical influence of supply and demand is also 
illustrated in the budget problem of the California and Hawaiian Sugar 
Refining Corporation. In this concern's budget, the first step is to 
determine hpw much sugar will be available for sale, rather thjhi the, 
probable volume of sales. This procedure is necessary because thS? conij| 
pany refines all of the raw cane sugar which is shipped to it by the 
planters (who own the corporation), and therefore the sales volume must 
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be planned in relation to the expected volume of production. This does 
not mean that the production budget must be prepared first. It means 
that the forecast of sales depends to a considerable extent upon the 
expected* volume of production in this instance.^ 

The procedure followed by this company illustrates the budgeting 
of sales under comparatively simple budgeting conditions. ‘‘The first 
problem to be determined is how much sugar will be available for sale 
within the year. After this, each broker is assigned a quota, and as 
brokers are segregated by geographic groups, totals for these groups are 
thereby obtained. The brokers are classified into three main classes, 
the Coast group, the River group, and the Southern group. An estimate 
is then made of the quantity of each grade which will go to make up the 
total to be shipped to each of these groups. The estimates for the three 
. groups are combined to determine what tonnage of each grade will be 
sold and its percentage in terms of the total of sales. 

“After the annual estimates are prepared, monthly sales forecasts 
for each grade and package are made. This is necessary because the 
grades are affected by different seasonal influences. So far as possible, 
the production budget is calculated on the annual grade percentages, 
despite this seasonal influence, in order that a uniform rate of production 
may be maintained. Some variations are necessary, however, because 
the proper balance of the inventory is of major importance. 

“At the first of each month, a revised sales estimate is prepared for 
each grade and package. This estimate is checked with the production 
budget and stocks on hand, and if conditions have so changed that stocks 
will not be available to meet sales requirements, revisions, are made. 

“At the close of each quarter, sales are analyzed and compared with 
past indices to determine whether revisions in the annual grade and pack- 
age ratios will be necessary. Irregular fluctuations in consumption 
from month to month are encountered, but these tend to equalize over 
the longer periods of time such as three, six, or nine months, necessitating 
only slight revisions, if any, in the ratios.''^ 

Period of the Sales Budget. — It was observed previously that the 
California and Hawaiian Sugar Refining Corporation prepares estimates 
or forecasts of annual, quarterly, and monthly sales. Not only is it 
important to plan the sales of the year in advance, but it usually is neces- 
i^ry to plan them for quarters and months. 

Many concerns prepare preliminary forecasts for periods longer tHan 
one year in advance. It is particularly common to prepare the sales 
estmate for two years in advance. The American Telephone and Tele- 

• , t" ' ' 

Boris, ^^The California and Hawaiian Sugar Refining Corporation,” 
0t^cird BmnM SerUa II, p. 150, 1928. 
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graph Company and its affiliated telephone companies forecast their 
expected service (sales) requirements for five years in advance, and for 
even longer periods in certain instances. 

Variation in the period covered by the preliminary estimate and in 
the period for the immediate budget plans depends to a considerable 
extent upon the products marketed. In the case of the telephone com- 
panies, the product developed — ^namely, service — requires the installation 
of a large plant with telephone wires and exchanges. This installation 
must be planned several years in advance to meet the service (sales) 
needs as they arise, because it requires a considerable period to install 
telephone wires, exchanges, etc., and in certain respects the plant must 
be built large enough to meet the increase in the needs for some time to 
come; this is especially true in rapidly growing communities. However, 
the service requirements must be estimated first to determine the size 
and location of the plant. These service or sales estimates can be made 
on the basis of population forecasts (see Chapter XIX), since telephone 
service depends to a large extent upon population. When a major plant- 
installation plan is adopted, it must be on a very definite rather than a 
preliminary basis, because a change in the plan cannot be made easily 
without resulting in substantial losses to the company. 

For the sugar refining company, a budget of sales for more than one 
year is not practical, although a rough estimate for a longer period may 
be desirable in making general plans. For example, more acreage in 
sugar-cane plantations may be expected, or a loss of supply may appear 
likely because of planters seeking other refineries. These and other 
factors would be considered in making the preliminary estimate for 
later years. Yet the one year is all that can be used for definite sales 
plans. Then, too, in this type of company, as any one year progresses, 
revisions in the sales budget may be required to a greater extent than 
in the sales budget of the telephone companies. Production of sugar 
may be less than the outlook indicated; price conditions may become 
unfavorable, owing to general business depression setting in sooner than 
expected; or other conditions may arise to cause a decision to hold over 
larger stocks of sugar until later periods. Consequently, in this type of 
company, the monthly or quarterly sales budget is a more definite basis 
for plans than the annual one. 

In other companies, the budget for the current month may require 
revision during the course of that month, and a weekly or even a daily 
budget of sales may be required. In baking companies and in ice-cream 
manufacturing plants, production and marketing to the retailers often 
must be completed in 24 to 48 hours. In these companies,' the monthly 
sales budget is continually subject to adjustment, and even the weekly 
sales estimate may be changed because of sudden weather changes which 
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materially affect the demand for these products. The daily budget for 
both bakeries and ice-cream manufacturers is, therefore, an essential 
part of the sales budget. 

It will be noted that the three types of products mentioned — 
namely, telephone service, sugar, and quickly perishable foods — have 
very different marketing and production problems, which cause extreme 
variations in the period for which sales plans can be definitely made. In 
preparing the sales budget for any manufacturing business, one must 
first consider such influences as the availability of raw materials, the time 
required for production, the perishability of the finished product, the 
effect of weather conditions and seasons of the year upon sales, and the 
control which the manufacturer has over marketing channels. In all 
cases, preliminary budgets should be prepared for periods much longer 
than those allowed for the definitely planned budget, but the preliminary 
budget will be subject to more revision than the budget for the immediate 
future. One- to three-month periods are common for the immediate 
operating budget. 

Use of Data on Past Sales in Preparing the Sales Budget. — In fore- 
casting the sales of future periods, one of the first considerations is past 
performance. 

In preparing the sales budget, the estimates or quotas for each geo- 
graphical territory, for each salesman, and for each type of product must 
be made only after noting the actual sales for similar periods in the past. 
Therefore, an analysis of records of the past by years, quarters, months, 
and sometimes by weeks and days, is the first step in preparing the sales 
budget. The data for such analyses should be furnished by the account- 
ing department. In order to furnish information necessary to the budget, 
the accounting records must be maintained to show not only total sales, 
but also: 

1. Sales according to products or types of products. 

2. Sales according to geographical territories, where an extended sales 
area exists. 

. 3. Sales according to salesmen, where salesmen can be of service in 
estimating their own future sales. 

Such information must be made available if a sound basis of sales plan- 
ning is to be established. Detailed plans are essential to general plans, 
and the details of past performance often give concrete evidence of what 
can be done in the future. 

In comparing dollars of sales in past periods with expected dollars 
of sales in the future, cognizance of variations in prices of the products 
sold is essential. If marked changes have occurred, or if they are 
expected in the period for which the budget is being prepared, a difference 
te, dollars of sales should occur, even though the physical volume is con- 
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slant. In other words, if a price decrease of 20 per cent occurs, an 
increase of 25 per cent in the quantity sold will be necessary to maintain 
the same total of dollars of sales. To measure price changes, an arith- 
metic average price at which the sales of the period were made (or are 
expected to be made, if in the future) should be obtained, and ordinarily 
the computed average price of one period can best be expressed as a 
relative of the average price in the period with which it is to be compared. 
In obtaining the arithmetic average price, however, it is essential that 
each price be weighted by the approximate quantity sold at that price, 
or the quantity anticipated, if in a future period. 

It should be clearly recognized that consideration of past sales volumes 
is only one step toward estimating the volume of future sales. Conditions 
of the past may not continue in the future. In looking ahead, three 
additional steps in preparing the sales budget appear. First, the market 
must be analyzed; second, the general and specific business conditions 
of the marketing area must be studied; and third, the limitations of the 
business organization itself (in plant, in finances, and in available sup- 
plies) must be considered. Only after these analyses are made can the 
changes from past sales be accurately predicted. 

Market Surveys and Analyses in Forecasting Sales. — In other 
chapters, the methods of making market surveys and business analyses 
are considered somewhat in detail. It is advisable, however, before 
proceeding further, to review briefly, from the point of view of budgeting, 
the sources and methods used in compiling sales data, in order that one 
may more clearly appreciate what kind of information is required and 
how it is applied, and in order that one may have the proper background 
for making or checking the sales forecast. 

Although market analyses are usually not undertaken for budgetary 
purposes alone, they are always helpful in preparing the budget plans. 
Analyses of sales possibilities, for example, are not directly a part of the 
budget plans, but they assist in determining sales policies and in estimat- 
ing sales volumes. 

Some surveys are restricted to a local area, while others are national 
and even international in scope. Manufacturers or distributors of 
nationally advertised products find it particularly necessary to survey 
the entire country and obtain sales estimates from each area in which 
their products are sold. This is true whether the product is sold directly 
to the consumer, or through numerous wholesalers and retailers, or 
through a few exclusive distributors who sell to the retailers. Such 
market surveys require the use of . varying methods and combinations 
of methods. Sometimes representatives of the sales department from the 
maiu or branch offices of the company call on the dealers in the market 
areas and obtain estimates of their merchandi^ reqqiremeixts, Agi|in, 
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the manager may obtain estimates from the salesmen without requiring 
them to make definite surveys. Where company salesmen are dealing 
directly with the consumer, their estimates take the place of dealer 
estimates. In any case, however, the survey should include basic infor- 
mation on population, buying power, number of dealers, agricultural 
and manufacturing conditions, and other conditions which affect the 
market. Sometimes this information is collected by salesmen or investi- 
gators in the field, and sometimes it is collected directly by the main office.^ 

A certain manufacturer’s sales are budgeted on the basis of reports 
rendered annually by branch-office representatives who call upon the 
retailers every year. The product is not sold directly to retailers, as a 
rule, but is distributed through jobbers in the principal cities. Yet each 
year the representatives of the manufacturer call on the retailers to 
determine, among other things, the sales expectations of each dealer for 
the next year. From this information and the personal observation 
and judgment of the representatives, an estimate of sales for each dis- 
trict is obtained. 

In carrying on a survey of the above type for budgeting purposes, a 
definite questionnaire should be filled in by the company representatives, 
showing not only the total sales expected by the dealer, but also the 
estimate of the investigator. Furthermore, this questionnaire should 
show not only the totals of all sales, but also the sales expectations by 
grades and varieties of products. The actual sales of the past year, or 
past two years, and the budget estimates which were made for those 
years should likewise be entered on the form. Also, provision must be 
made to show the expected differences in stock holdover. The details 
involved in making such a survey (which ordinarily, of course, includes 
much information which is not directly used in budgeting) need not 
be considered at present. They will be described in Chapter XXI in 
connection with Exhibit 205 on page 508. The use of salesmen’s esti- 
mates will also be described in that chapter. 

Many concerns do not find it advisable to send representatives into 
the field to call on dealers or to make estimates. One of the more impor- 
tant reasons for this is that it may be too expensive. Also, unless the 
salespien are properly trained, their investigations and estimates may be 
unreliable. Consequently, it is often necessary to limit the investigation 
of market conditions to a study that is made at the company’s offices. 
Some of these studies are based upon data that are readily obtainable 
from the common secondary sources, while in others it is important to 
make use of primary data collected through letters and questionnaires. 
Th^ practice will be discussed in greater detail in Chapter XXI (in 
copnection with Exhibit 206 on page 610), where the methods used by the 
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In order that the manufacturer may know how much of each individ- 
ual product ‘he should manufacture, it is obvious that the estimates of 
future sales must be by specific products. This is true for merchants 
also, ifi order that they may know how much of each product they should 
purchase. 

Analyses of Economic Conditions in Sales Budgeting. — It should 
bo emphasized in connection with the foregoing discussion that the 
linformation collected may not make proper allowances for conditions 
in the business cycle, especially when the information is gathered from 
dealers and from salesmen. Since general economic conditions may 
influence the sales of a concern to a marked degree^ it is obviously neces- 
sary to give the proper consideration to this part of the analysis, and 
studies will have to be made which are independent of the personal 
opinions or influence of the dealers or salesmen. In such studies, infor- 
mation on the stocks of merchandise accumulated by the entire industry 
and by the individual concern and other indications of the relation of 
supply to demand are of utmost importance. When boom conditions 
are being experienced, those who are not skillful in recognizing the situa- 
tion will ordinarily estimate that the need for merchandise for the coming 
year is much greater than the amount that can actually be sold. During 
conditions of depression, these estimates will tend to be unduly pessimistic 
and not large enough to meet the demand which actually develops. ^Con- 
sequently, during conditions of prosperity, it is necessary to be cautious 
regarding the size of the estimate, sometimes reducing it substantially, 
and during conditions of hard times, it is necessary to expand the figure 
if an increase in business activity is foreseen^ 

^ Business activity must be considered in relation to budgeting particu- 
larly from three points of view. These are: (1) the nation as a whole, 
(2) specific localities, and (3) the specific industry or industries in which 
the concern operates.^ 

The use that the Walworth Manufacturing Company makes of 
economic services and other business indicators, which use was described 
at length in the preceding chapter, represents a practical application 
of the relation of business activity in the nation as a whole to the budget 
of an individual concern. Similar{analyses of economic conditions in 
specific localities must be made because of variations from one area 
to another. These variations must be taken into consideration in 
budgeting, for the concern will wish to push sales where the opportunities 
are good and contract where sales possibilities are poor. Likewise, 
special analyses of conditions in the industry of which the concern under 
consideration is a part, and in allied industries, are necessary in making 
budget plans. If competition has increased, if overexpansion has 
occurred or is appearing on the horizon, if other products are being 
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developed which give promise of superseding the products now pro- 
duced— these and similar circumstances will affect the sales volume of the 
futui^ 

^ In recent years, business activity has been particularly sensitive to 
government legislation and regulation^ Some legislation, such as 
.the Banking Act of 1933, has been instrumental in effecting changes in 
the business tempo of the nation as a whole. In other instances, legisla- 
tion has affected principally specific localities, such as, for example, where 
specific projects for the development of electric power have been author- 
ized. Legislation affecting wages and hours of labor is of greater direct 
importance to industries that have not as yet met the standards set by the' 
law, or by the authority administering the law, than, to those industries 
whose labor conditions have already been adjusted to meet or exceed 
the requirements of the law. In budgeting for any extended period, the 
effects of possible legislation or other regulation by governmental authori- 
ties, as well as the effects of laws already enacted, must be studied 
carefully.’J 

Effect of Limitations of the Business Enterprise upon the Sales 
Budget. — In the preceding discussion, we have considered analyses of 
past sales, surveys of the market, analyses of future sales probabilities, 
and the relation of general and specific economic conditions to the sales 
forecast. A Another factor which enters into sales budgeting is the internal 
conditioir&f the business for which the sales are being planned.^ 

4.Four types of conditions which are significant in preparing the sales 
plans are: (1) the adequacy of the plant for the most economical produc- 
tion; (2) the control over the sources of raw materials and supplies, and 
the ability to acquire the quantities when desired; (3) labor conditions; 
and (4) the financial strength or weakness of the business:^ Unless the 
business has plant facilities for economical production, unless raw mate- 
rials and labor can be secured as needed, and unless the amount of busi- 
ness anticipated in the sales program can be financed, the sales budget 
will not be effective. 

' Production budgets, expense budgets, plant and equipment budgets, 
and financial budgets will now be considered. 

^Jlie Production Budget. — After the sales budget has been determined 
for the future weeks, months, quarters, or years, production plans can 
be prepared for these periods on the basis of the sales plans. In preparing 
the production plans, two main types of problems are present. First, 
the total amount of each product to be produced during the budget period 
must be determined, and this total production must be scheduled or 
. iHTorated over the budget period to meet sales orders when received. 
Second, the factors of production cost — ^namely, raw material, labor, 
overhead^must be budgeted in relation to the exj^ted sales. 
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It is essential to obtain coordination between sales plans and produc- 
tion plans. Production must provide the necessary stocks to meet the 
expected sales. And yet, the sales quotas must not exceed production 
capacity. Obviously, the ideal relationship exists when sales quotas 
require the maximum production which can be obtained efficiently with 
the available plant, materials, and men. 

The problem of scheduling the quantity of products to be made and 
the time when they are to be produced involves two statistical considera- 
tions. First, the sales and the production should be expressed in the 
same units ^f measurement. If sales are in dollars, then production 
can first be scheduled in dollars at selling prices. If physical volume 
is the basis upon which sales quotas are made, then physical volume 
should be used as the basis for the estimate of the total quantity of produc- 
tion and for the quantities to be produced in each part of the entire period. 
However, in planning production costs, it will be necessary to convert 
the physical volume of production, or the volume in sales dollars, into 
dollars of cost so that the elements of cost (raw materials, labor, and 
overhead) can be budgeted in relation to the total cost of each product. 
Therefore, usually the entire production budget can best bo prepared 
on the basis of cost, which necessitates a statement of sales quotas on 
the basis of estimated cost of production. Thii^ the most. ^ 
plan, for bud geting production is. to convert the-sales^quotas^to^an^ost-of 
sales basisj and then plan the production upon a cost basis to meet the 
expected ^ales requirements. 

/ Second, in scheduling production, the expected sales do not always 
determiiie the quantities to be produced in each period. Finished stock 
on hand and the period required for production are important factors 
in plants which manufacture for stocky This problem is largely one of 
inventory control of finished goods. Ine amount to be produced each 
month (quarter, week, or day) is determined by estimating the inventory 
of finished stock desired at the end of the month (or other period), to 
which are added the estimated sales of the period, and from this total 
the inventory of the beginning of the period is deducted. Then the 
production schedule for the subsequent months is similarly prepared by 
estimating the inventory to be carried over at the end of each period, 
adding the expected sales of the month, and deducting the estimated 
inventory at the beginning of the period. 

It will be noted that the preceding discussion refers only to the budget- 
ing of production in plants which produce for stock. In plants which 
produce for special orders only, and do not carry finished goods inven- 
tories, detailed budgeting of production in the above manner is not 
practical. In such plants, the unfilled sales orders, with perhaps certain 
allowances for the, normal expectancy of sales orders, form the basis for 
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production volume. Also, the budget of materials, .labor, and overhead 
costs in such companies cannot be prepared for a period far in advance 
of current orders. In the discussion that follows, we shall consider the 
budgeting of manufacturing costs principally in companies producing for 
stock. 

^JBudget of Materials. — After the volume and time of production have 
been determined, detailed plans for the production costs must be made. 
The purchasing department then has a basis for scheduling the raw- 
material requirements, the personnel department has a basis for estimat- 
ing direct- and indirect-labor requirements, and the cost-accounting 
department can determine in advance the proper standard unit costs of 
materials, labor, and overhead expense, to be used in estimating profits^/ 
In estimating the inventory of raw material and supplies to be carried 
over from one period to another, the budget committee has an important 
task^ Sufficient supply of each item of material to fill orders is necessary, 
but oversupply is costly .p For example, in an article on ‘^The Prevention 
of Failures in Business,’^ one writer refers to a company that was refused 
loans by banks and bond houses. The company needed more money and 
finally a constructive accountant was employed to investigate the situa- 
tion. ‘‘He examined into their inventory, and found that they" had in 
the inventory seven years’ supply of some of the parts that go into their 
assembly, and seven days’ supply of other parts. And he found that if. 
the* inventory was properly proportioned as to time needs, they would 
have three times the amount of capital available that they were trying 
to get. In other words, three times the capital that they needed was 
tied up in an inventory, part of which would not be called for within seven 
years.”^ 

^Planned purchasing offers opportunities for savings which can be 
obtained in no other way. When a definite volume of each product is 
to be produced, quantity purchases of raw materials can safely be made. 
Prices of materials often vary considerably over a period of six months. 
If the purchasing department analyzes the price conditions of the chief 
materials required and takes advantage of low prices and quantity dis- 
counts, considerable savings will be realized. Obviously, storage facil- 
ities will have to be considered, and capital requirements also, but usually 
if the company is in a position to buy at the opportune moment and 
knows the right quantities for future production, it can effect distinct 
savings in raw-material costs.) If the right quantities are not known, as 
in cases where budget plans are not made, a large purchase at low prices 
may prove costly because of carrying charges and deterioration of the 


^ PiNKBRTON, Paul W., C.P.A., “The Prevention of Failures in Business,” in 
Tk$ QwUfied Public Aecaunlantf September 192$, 
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material before it can be used. Under proper buying methods, adequate 
stores records are maintained showing exactly the quantities on hand, 
detailed requirements of the future are obtained from well-planned 
budgets of production, and price studies are made from information on 
crop reports, warehouse storage reports, export and import forecasts, 
current forecasts of domestic demand, and similar bases. J 
4-^The Labor Budget.-i^Planned production encourages the training 
of employees. Under the procedure of planned production, work sched- 
ules often can be arranged which substitute permanent workmen for 
transients, y As in the case of the California and Hawaiian Sugar Refining 
Company, previously described in this chapter/C production may be 
planned to provide almost uniform employment, even though the sales 
demand is seasonal. In some types of work, this is very important in 
obtaining an efficient and contented personnel 
C-Piece-rate methods of wage payments are excellent in budgeting 
labor costs. Furthermore, bonus plans and premium rates not only 
encourage labor ejffiidency but also assist in obtaining uniform labor costs, 
for the workers are paid on the basis of performance rather than time. 
The development of such payment plans is not necessarily part of the 
budget procedure, but such plans often grow out of the adoption of 
budget methods and they assist materially in obtaining accurate budgets^ 
Budgets of Manufacturing Expenses, or Overheadi^In budgeting 
production, all costs must be scheduled. The cost of manufactured 
goods includes not only materials and direct labor, but also dozens or 
even hundreds of miscellaneous indirect costs of maintaining and operat- 
ing the plant. Some of these indirect costs exist regardless of the quan- 
tities produced, but other costs increase in total amount with the increase 
of production. Unless the total of these costs is computed in advance, 
the profits of the budget period cannot be estimated./ 

Effective budgeting of manufacturing expenses can best be secured 
by working out standard” overhead rates of cost. These standard 
rates, however, must be based upon estimated ioi?! future costs 2iXi& future 
volume of production. Formerly, standard rates usually were deter- 
mined entirely from the records of the past. Under budgeting methods, 
the standard overhead rate is a rate for the future period, to be deter- 
mined on the basis of a planned future. Therefore, this standard is one 
with which actual costs can properly be compared. It is determined by 
compiling the total overhead costs which definitely can be expected in 
producing the budget volume of each product, and then dividing this 
total by the production planned for each respective product. In com- 
piling many of the expected overhead or manufacturing expenses of each 
department, the department foremen and the factory superintendent 
can be of great assistance, and it is important in the control of these 
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costs that they be made to feel their responsibility for keeping control- 
lable costs at a minimum. However, the actual allocation of general 
overhead costs to departments and the determination of the standard 
cost rates per unit of each product is a technical problem of cost account- 
ing which usually requires the assistance of the cost-accounting 
department. 

Summary of the Results of the Production Budget. — To summarize 
the value of budgeting production operations in a manufacturing plant, 
reference is made to a statement of the industrial engineer of the Monroe 
Calculating Machine Company. *'The value of budget control cannot 
be too strongly emphasized. It gives definite control over three impor- 
tant manufacturing elements — quality, amount of output, and unit 
cost. It means: 

1. Better quality. 

2. Greater quantity. ' 

3. Lower cost. 

4. Satisfied personnel. 

Budget of Purchases in Merchandising Companies. — Analogous to 
the purchasing of materials for production is the purchasing of mer- 
chandise for sale. However, the budget procedure is more directly 
related to sales in planning purchases of merchandise than in planning 
raw-material purchases. In manufacturing plants, the material pur- 
chases are budgeted to meet production requirements which furnish 
finished goods inventories in preparation for expected sales demands, 
whereas in budgeting merchandise purchases the production plans are 
eliminated. 

Modem department stores plan the sales of each department for the 
year in advance, for each month of the year, for each week of the current 
month, ^d even for each day of the week. On the basis of the sales 
plan for each month, * ^open-to-buy ^^^ allotments are made to each depart- 
ment buyer for several months in advance. These allotments are subject 
to revision, and even the current month open-to-buy total may be cut 
down or increased as the sales of each week or day fall short or exceed 
the budgeted amounts. In other words, the open-to-buy budget con- 
trols the entire merchandising operations in a very sensitive manner. 
But in order to use the open-to-buy effectively, statistical records must be 

^ McQbath, Kbnnbth, Industrial Engineer, Monroe Calculating Machine Com- 
ply, ‘‘'Cost Reduction through Budget Control,” Manufacturing Industries, Vol. 
XIV, No. 4, p. 285, October 1927. 

*The term ” open-to-buy” means the balance of purchases budgeted for the 
p^odl it is the amount that is ^^open” to be bought within the period, or the remain- 
ing potion of the period, according to .the budget plan. 
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prepared daily in the accounting department. These records show for 
each department the open-to-buy for the month, the balance unused in 
each open-to-buy budget each day, the actual and the planned sales of 
the month to date, and a comparison of these amounts with corresponding 
periods of the previous year. 

Budget of Expenses* — Planning the operations of a business does 
not end with the sales budget and the production budget or with the 
merchandise-purchases budget. CaII the expenses must be budgeted 
if profits are to be controlled^^ Whether the enterprise is a manufacturing 
or a merchandising concern, the selling, general, and administrative 
expenses must be controlled in accordance with the sales plans*^ 

CFor example, selling expenses should not be allowed to exceed profit- 
able limits in securing the estimated sales. In order t*o attain profits, 
standard costs or ratios of advertising, of sales salaries, of delivery costs, 
and of other selling expenses can be established in each organizationj 
These are not only goals set for attainment; they often are the total 
allotments which will be allowed and paid for by the comptroller. Thus, 
upon the basis of the amount of sales budgeted for any one product, or 
for a given sales department, advertising expenditures are usually allowed 
in a predetermined percentage of these sales. C The department or the 
product must show greater sales than were planned to justify increased 
advertising expenditures; that is, the ratio of advertising expenses to 
sales which is known to be profitable will be allowed, and the value of 
more advertising expenditures will have to be proved by actually obtain- 
ing more sales per dollar of advertising allowed than was expected. Then, 
as the actual sales exceed the budgeted sales, larger advertising •appro- 
priations may be made up to the point where it appears that sales will 
be secured at a cost not exceeding the standard ratio of advertising to 
sales. 

^The determination of standard ratios of all selling and general expenses 
to sales is essential in preparing the budget of these expenses, but the 
standard ratios require keen judgment, both in computation and in 
application. Thus, standard ratios must be determined chiefly from 
past experiences of the company and of other companies,^ and yet correc- 
tions must be made for costs which will be changed by new methods or 
changed conditions of the future. Also, in applying the ratios to deter- 
mine budget allotments in dollars, temporary differences in conditions, 
as compared with standard conditions, must be recognized. 
f i^Budgeit of Plant Requirements. — It has been previously mentioned 
that the master budget includes both an estimated profit and loss state- 

^ The Harvard University Bureau of Business Research, and other business bureaus 
have collected and published information on expense ratios from many types of 
business organizations. m - . . w , , , 
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ment and an estimated balance sheet. The budgets considered. in the 
preceding pages are budgets of operating income and expenses,' frpm 
which the estimated profit and loss statement is prepared for the budget 
period>i^To assist in obtaining the balance sheet expected at the end of 
the budget period, a budget of plant requirements and a financial budget 
must be prepared. Both of these budgets, however, must be considered 
in connection with the budgets previously described, for the sales-, pro- 
duction, and departmental expense plans are predicated upon definite 
plant and cash requirements. In short, the plant must be provided to 
meet the operating plans, and the cash must be available when needec^ 
If plant and financial plans cannot provide for the planned operations, 
the operating plans will require revision! 

In a plant having a large amount of fixed assets, replacements and 
ditions are continually necessary in some part of the plant. And yet 
it is important not only that the new equipment or buildings be ready 
for use when needed, but it is also important that equipment is not 
wasted by unwise selections or inopportune purchases. Under a planned 
budget of plant requirements, the needs of the plant in the way of addi- 
tions and renewals are carefully surveyed, and not only is the plant 
maintained in a better condition for operation, but also less funds are 
wasted in choosing and installing the equipment^ 

✓ The plant requirements necessarily are compiled from within the 
pant. Department foremen in the factory, the delivery department 
manager, the sales manager if he is in charge of the warehouse and the 
SDore facilities, the office manager — ^in fact, all department heads who 
use equipment in their department operations — must survey their equip- 
ment needs for the approaching budget year, and report upon them to the 
budget committee. From the reports of these junior executives, the 
budget plans can be prepared after considering the relative importij-nce 
of the various requests for equipment. 

In some companies, the magnitude of the plant or equipment require- 
ments necessitates a central planning department with trained engineers 
who work eontinuously on the details of plans for additions to the plant. 
In railroads and other public utilities, it is the common practice to require 
these detailed plans and estimates of costs before the general plant budget 
will be adopted. When there is no central planning department^ the 
individual department heads prepare the plans and estimates for the 
new equipment, often obtaining the assistance of the purchasing depart- 
ment in securing prices. 

^ y The Flngocial Budget. — ^The last budget, but by no means the least 
important under budgetary methods, is th^^udget of .cash — the financial 
budget.^ This budget is a careful estimate of the cai^ wliicb wiUL be 
available duiiug the budget period, and the cash expenffitures). 
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III ord6r to dotonnino the c&sh which will be SiVdilfl/ble from cus- 
toniere, the accounts and notes receivable at the beginning of th^ period 
should be added to the aifaount of sales budgeted for the period, and from 
this the estimated accounts and notes which will remain uncollected 
at the end of the budget period must be deducted, together with the 
estimated cash discount^ Consideration of collections and general 
money conditions in the various sales areas is necessary in estimating 
the accounts which will remain uncollected at the end of the budget 
period. Many other factors will have to be studied also, such as the 
effectiveness of the credit and collection department, the possibility and 
the advisability of changes being made in the terms of sal^ and tend- 
encies toward deferred datings on invoices. 

Caii sources of cash must be co ns idered. Investments may be held 
which it will be advisable to turn during the budget period. Additional 
issues of stock may appear advisable. Bank loans or bond issues may 
have to be planned to provide the funds needed. However, these latter 
sources will be considered only after determining the funds required for 
the planned operations. 

CIn computing ^e cash needed, the requirements fw 
one pf,the first jBon§iderat^ To the accounts and trade notes payable 
at the beginning of the period must be added the planned purchases of 
materials or merchandise for the period, less expected cash discounts. 
Then the accounts and trade notes which will remain unpaid at the end 
of the budget period must be deducted. C.Similarly, purchases of equip- 
ment planned in the equipment or plant budget will have to be considered 
as to the cash payments which will be made thereon during the period, 
and as to the portion which will be unpaid at the end of the period.^ Fur- 
thermore, other cash requirements, as for bond sinking-fund payments, 
for maturing bonds and other loans, and for current expenses, will enter 
into the computation of the financial budget. 

4 In estimating the cash required for current expenses, it must be 
recognized that not all expenses require cash in the period for^hich 
they are recorded, and some expenses may be paid for in advance.) Par- 
ticularly, depreciation and depletion do not require cash, nor do the bond 
discount and expenses written off from deferred charges in a given period. 

C But if interest is prepaid for periods in advance, or if rent, insurance, 
and other items are paid for in advance, cash is required in excess of 
current expenses. ) 

I The advantages of the financial budget in controlling the finances 
are too obvious to enumerate. But one particular advantage should be 
mentioned.. The amount of cash on hand and the amount of liabilities 
of a company mean little; except in relation to the other assets and the 
volume of operations. To one trained in accounting principles, it will 
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be evident that the procedure of working out the financial budget, results 
in estimates of many assets other than cash and in predictions of the 
amounts of all liabilities. By using these estimates and predictions, and 
by taking the estimated inventories from the production budget and the 
estimated plant additions from the plant budget, a balance sheet can be 
prepared showing the condition which the budgeted operations will 
produce. To the management, this balance sheet is valuable because all 
assets and liabilities are given, and the executives can, therefore, antici- 
pate the strength or weakness of the condition toward which the business 
operations are planned. 

The Relation of the Statistical Department to the Budget. — The 

purpose of this chapter has been to describe the nature and the value of 
budgeting methods, with the emphasis placed upon the statistical methods 
and analyses that are necessary in preparing the budget plans. 

Some of the statistical information used in budgeting will be collected 
from sources outside of the factory, the sales department, or, the account- 
ing offices. Other information will be obtained from records or from 
employees’ estimates within these departments. Much of the work of 
collecting, tabulating, and analyzing this information is the work of the 
statistical department. However, it is not the duty of this department 
actually to prepare the budget. In other words, it should prepare inforr 
mation and analyses for the use of the budget committee, but the actual 
budget adoption is a function of the management. 

Usually the statistical department is separated from the accounting 
department. Yet the accounting department should assist materially 
in collecting and in applying much of the information to the prob- 
lems of budgeting. Many of the procedures in preparing estimates 
to submit to the budget committee require accounting knowledge 
and technique. 

• The Budget as an Aid to Executive Control. — Again it should be 
emphasized that the budget system is more than a series of estimates. 
Although many estimates are made in preparing the budget plans, these 
plans, when adopted, become the basis of administrative policies and 
executive decisions. They are indeed the '‘blue prints” and the archi- 
tect’s specifications for the building of the business enterprise during the 
period for which they are prepared. 

In a later chapter dealing with statistics in executive control, the 
aid of budgeting methods in management will be explained further. 

Questions and Problems 

1. Explain the difference between forecasting and budgeting. 

2. Discuss the preparation and operation of a budget. 

S. What part should operating executives have in budget making and by whom 
should budget plans finally be prepared? 
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4 . Name the five parts of the master budget. 

6. What is the relationship of the master budget to the main accounting state- 
ments or exhibits prepared by the accounting department? 

6. Which part of the master budget should be prepared first? 

7 . Discuss the period for which the sales budget should be prepared. What 
determines the period of preliminary and of definite plans? Give three examples of 
period requirements. 

8. How should data on past sales be classified or analyzed for the sales budget? 
Name three bases of classification. 

9. What correction may be necessary in applying data on past sales to future 
expectations of sales? 

10 . What other steps in preparing the sales budget are necessary in addition to 
the study of past data? 

11 . Discuss the use of market surveys and analyses in budgeting sales. 

12 . How do economic conditions affect demand, and what data should be obtained 
to indicate the relation of supply to demand? From what points of view should 
economic conditions be studied in budgeting? 

13 . What internal conditions within the organization influence the budget? 

14 . Describe the procedure in coordinating production plans with the sales budget. 
What parts or elements of production must be budgeted? 

16 . Describe how savings may be effected by canjful budgeting of material pur- 
chases and laV)or costs. 

16 . To what type of rates should manufacturing or overhead costs be reduced? 
Explain. 

17 . Summarize the results of production budgets. 

18 . What is meant by the ^‘open-to-buy'^ in department stores? 

19 . How do ratios assist in preparing the budget of selling and administrative 
(expenses? 

20 . Why are budgets of plant requirements and of cash necessary and how are 
they obtained? How can complete balance sheets for future dates be obtained? 
Are they necessary? Why? 

21 . What is the relation of the statistics department to budget preparation? 

22 . Prepare a report upon the budget plan of a concern in your own city which will 
cooperate with you in furnishing information. Include a careful analysis of the 
statistical operations involved. 
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POPULATION AND PURCHASING POWER 

Population data are of great importance in analyzing commodity 
markets, and in determining real estate situations, while in manufacturing 
and other types of production, they are especially significant in connec- 
tion with the labor supply. Because of this importance, such data are, 
in turn, of great value to investors, to bankers, and to management in 
general. If one is to appreciate the significance of population data in 
mai^keting commodities, real estate, or securities, he must also know 
something about the purchasing power. 

The general use of. data on population and purchasing power and 
practical methods of making estimates will be explained in the present 
chapter. Discussions of the more specific applications of these data will 
be included in later chapters on the use of statistics in production, market- 
ing, real estate, investing, banking, and management in connection with 
the practical problems that are being analyzed.^ 

Detailed descriptions of methods of estimating population for periods 
when census enumerations are not available are included in this chapter 
for two reasons. The first is to provide data for the purposes indicated 
above. The second is to furnish examples of methods which illustrate the 
practical and systematic development of simple estimates. If the student 
fully appreciates the procedure involved in making these estimates, he 
will be able to apply similar methods in solving other business problems. 

Uses of Population Data. — As previously indicated, population data 
are used to a great extent in some types of business and to some extent 
in practically all types. As a matter of fact, the importance of watching 
population changes as an index of future business in many areas cannot 
be too strongly emphasized. This is especially important in the market- 
ing of commo^ties and real estate. For many products, the market will 
vary reasonably directly with the population. Consequently, accurate 
population data are necessary in determining the relative importance 
of the different parts of the market area, aqd in determining what changes 
are taking place in the different communities. 


^ Chapters XX, Production and Labor Statistics; XXI, Marketing Analysis; XXll, 
Real, Estate Analytic; XXIII,^ Investment Analysis; XXIV, Statistics in Banking; 
and XXV, Executive Control and Managem^t Statistics. 
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If a community is growing rapidly, the condition is favorable to a 
high rate of building activity, and to the expansion of retail stores, banks, 
and other business enterprises. If such a community ceases to grow, 
the continuance of the high rate of building construction, with the accom- 
panying financing, subdividing, street work, house furnishing, etc., is 
not necessary. It usually happens, however, that many poorly informed 
builders, subdividers, stores, banks, and others continue to prepare for 
an increasing population for some time after the growth has ceased or a 
decline has begun. The result is overbuilding, oversubdividing, and 
overexpansion of businesses, which, in turn, cause a great amount of 
financial loss and a large number of failures. This not only shows the 
value of population data, but emphasizes the need for current population 
indexes. 

Salesmen!s territories, branch banks, wholesale agencies, retail stores, 
distributive systems, etc., should be apportioned in part according to 
the distribution. Df the population. In such work, it is again necessary 
to observe any important changes in population growth. The importance 
of this is illustrated by the experience of a certain concern in relation 
to its California sales territory. The state was divided into 10 districts 
in such a manner that they were approximately equal on the basis of the 
1920 census of population. Five years later, three of the salesmen were 
having great difficulty in selling the required amounts, while four of 
them were substantially overselling their quotas. At first the sales 
manager thought that the differences were due largely to differences 
in the ability and energy of the salesmen. But when an analysis was 
made of sales-district populations, it was found that six of the smaller 
counties had experienced decreases, one important county had an increase 
of over 100 per cent, and three other important counties had increases of 
over 60 per cent. When allowances were made for the changes in popula- 
tion, there were no significant differences in the work of the 10 salesmen. 

In many cases, it is desirable to study the distribution of population 
within a city. Sometimes the purpose can be served by using the figures 
as reported by wards or enumeration districts. These areas may not b(^ 
satisfactory, however, if the study covers a long period, as their bounda- 
ries are changed from time to time. In a number of cities, the total area 
is now divided into small areas, called census tracts,^ which have perma- 
nent boundaries. The recording not only of population but of other kinds 
of data by these permanent basic unit areas is a most important aid in 
making local statistical analyses.* 

^ Census tracts, which have permanent boundaries, should not be confused with 
census enumen^tion districts, which do not have permanent boundaries. 

. * The cities which had population recorded by census tracts in 1930 were: New 
York, Chicago, Philadelphia, Baltimore, Los Angeles, Boston, Cincinnati, St. Louis, 
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In connection with the use of population data, it should be pointed 
out that erratic changes are not likely to occur under present conditions 
in large figures, su6h as the total for the United States. Similarly, 
erratic changes may not oc6ur in some of the larger cities. But in many 
suburban areas, small communities, and even small sections of the coun- 
try, immigration or emigration is often taking place so rapidly that the 
short-time changes in the population are relatively large. This condition 
has not only characterized the growth of Florida and southern California, 
where the changes. have been spectacular, but it is chelae teristic of prac- 
tically all active communities throughout the country. 

Importance of Population Classes and Types. — It is not only impor- 
tant to know what the total population is for a given area but it is also 
important and sometimes necessary to have the data by classes and 
types. In analysing the market in Peru, for instance, it is not enough to 
know that the population of Pern is about 5,000,000, which is roughly 
equal to the present population of Michigan. It is also necessary to 
know that about 50 per cent are Indians; 32 per cent are half-breeds; 
13 per cent are whites or slightly mixed whites; and 5 per cent are Negroes, 
Chinese, Japanese, and others. It is obvious that the wants of these 
different classes will vary widely and that they must be considered sepa- 
rately. And if one is to appreciate the true significance of the numbers in 
these classes, he must have reliable information on the purchasing power. 

Permanent and Non-permanent Population. — When one is using 
population data in making a business analysis, it is very necessary that 
he know who have been included in the enumeration or estimate. As 
obvious as this point may seem to be, it is often overlooked by those who 
are using population data, and this results in much confusion and inaccu- 
rate application. 

As pointed out previously (footnote, page 15), th e United St ates 
Ce nsus inclu des in the p opula tion pf a city only permane nt resident s or 
those whose actual-homes are not elsewhere. Those whose actual homes 
are in New York, for instance, but who are in other parts of the country 
when the census is taken, are counted as of New York. 

When the transients or temporary residents in a city constitute a 
large number as compared with the permanent residents, it often happens, 
obviously, that the Federal Census population data are not satisfactory 
in making various kinds of market analyses, as they represent only a 
part of the market. Not only must the permanent population be pro- 
vided with housing facilities, but also the persons who stay in a city a 
few weeks or months must be provided with temporary homes or hotel 

Buffalo, Washington, Cleveland, Pittsburgh, Nashville, Columbus, Indianapolis, 
Berkeley, Yonkers, and Syracuse. 
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accommodations. And the transients who remain overnight must have 
lodging, while those who come in and leave the city the same day must 
be provided with working space, educational facilities, meals, shopping 
facilities, amusement, street space, etc. In other words, various popula- 
tion figures may be required for a certain city depending upon the uses 
that are made of the data. 

Sources of Population Data. — The Federal Government took the 
first population census of the United States in 1790. Since that time a 
(lensiis has been taken every 10 years. In recent enumerations, the infor- 
mation that has been gathered has been very complete. The published 
rcjports give the numbers of persons living in the various states, counties, 
townships, cities, wards, towns, and other civil divisions. These data 
are classified in many different ways, such as by sex, age, urban or rural, 
marital condition, race, nativity, illiteracy, and occupation. 

In some instances, a state or a city will take a census between the 
Federal Census dates. Such enumerations are especially valuable when 
there is a rapid rate of growth or when there is a change in the rate of 
growth.^ 

For most practical purposes, it is necessary to have population figures 
at short intervals, say, of not greater than one year, and ordinarily they 
must be obtained by making estimates for the years between census dates, 
because the expense of making an actual enumeration is prohibitive. 
And siiK^e the census does not include the non-permanent population, 
estimates have to be made, in making most practical studies, to determine 
the total number of persons living in an area. 

Population Estimates. — In making a population estimate, it is first 
necessary to determine exactly who shall be and who shall not be included 
in the figure. As previously indicated, this requirement, though it may 
seem to be a very obvious one, is frequently overlooked. Unless this 
requirement is clearly appreciated and carefully observed the estimator 
may include substantial numbers of non-permanent population in an 
estimate of permanent population. Or he may make an estimate of the 
permanent population and unintentionally overlook the non-permanent 
population.'-^ 

^ Special State censuses were taken in 1935 in Florida, Kansas, Massachusetts, 
South Dakota, and Michigan, and in 1936 in Rhode Island. Special city censuses 
were taken in Chicago in 1934 and in Cincinnati in 1935. 

* Population estimates often lead to important controversies in connection with 
the rivalry between cities. And such controversies are not of recent origin. When 
Sir James Petty, for instance, estimated the population of London baek in 1686 and 
asserted that this city was the largest in the world, M. Auzout of Rome objected and 
asserted that the city of Rey in Persia was “far bigger than London.*' The popula- 
tion estimates published by laooster organizations at the present time are often inflated 
and must be carefully checked before being used in any important analysis. 
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Most population estimates in the United States are based upon deter- 
mining the increase that has occurred since the last Federal Census. 
The methods used will vary all the way from those which are based 
entirely upon mathematical projections of Federal Census data to those 
which determine the increase on some independent basis. The methods 
of making population estimates baaed on census projections, water serv- 
ices, building permits, city directories, enrollment and average daily 
attendance in elementary schools, telephones, and a number of other 
series will now be discussed. 

Estimates Based on Projection of Rate of Growth. — Probably the 
simplest method commonly used is that of projecting the rate of growth 
which has been found to characterize the decade previous to the last 
census date. That is, the rate of growth that is found to exist from 1920 
to 1930 is projected until the 1940 census data are available. Graphi- 
cally, this would be plotting 1920 and 1930 data on a semilogarithmic 
scale, fitting a straight line to these points, and projecting it to 1940. 
Obviously, this method is not reliable, except in communities where the 
rate of growth is known to be stable and free from erratic influences. In 
periods of rapid growth, such as those which characterized Detroit, 
Florida, and southern California in the 1920^s, it is obvious that this 
method should not be used at all for most practical purposes and that the 
estimator will have to use other methods. 

The Bureau of the Census, in making its estimates for cities and 
states before July 1, 1928, used the straight line projection method, 
which is fairly satisfactory for the nation as a whole and for communities 
with a reasonably stable rate of growth, but it is unsatisfactory when? 
current data are most needed; that is, where changes are large or erratic. 
The Bure au now bases Us estimates of the total population of the United 
States on the records of births, deaths, and net immigration, so 
that the result^can be accepted with a good degree of con fiden ce notwith- 
standing the. lapse, of time since the last census. But this is a method 
which is not applicable to the individual states or to smaller political 
units, since no record of the migration to or from states and cities is 
available. In estimating the population of the states, therefore, the 
Bureau gives consideration to trends indicated by school enrollment, 
birth and death data, results of any state censuses that have been taken, 
and any other significant items that may be available. 

In estimating the population of cities and counties, the Bureau 
formerly used the method of projecting the increase shown by the last 
two censuses. This method, however, yielded very uncertain results when 
applied a few years after a census had been taken, and the Bureau 
discontinued its use. The estimates made for July 1, 1933 were based 
on the asspmption that the increase in any area between 1930 and 1933 
bore the same relation to the increase in that area between 1920 and 
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1930 that the increase in the United States as a whole between 1930 and 
^ 1933 bore to the increase in the United States as a whole between 1920 
" and 1930. Since that time, however, city estimates have not been 
made because it became evident that because of the unusual movements 
of population that had taken place after 1930, estimates made by any 
mathematical formula were far from satisfactory. 

^^Ostimate Based on Water Services.— Although the method of pro- 
jection just described is commonly used for general purposes, it is ordi- 
narily necessary to use other methods when making careful studies. 
Most of the methods of estimating population are based o n th e use of 
re adily availa ble series which have a high dcgren_of . correlation with 
population. One of these series is domestic water services. It is obvious 
that domestic water consumption, or domestic water services, should have 
a relatively high relation to the number of persons in the area, because 
water for domestic use is a common necessity, with a relatively stable 
rate of consumption per capita. 

In general, the method of estimating population on the basis of water 
services is as follows: If there was a population of 500,000 in a certain 
city in 1930 and this city had 100,000 domestic water services at that 
time, it follows that there were 5 persons per service. Suppose that 
we find that practically the same situation existed in 1910 and 1920, 
and that apparently nothing has happened to change this relation mate- 
rially. Then if there are 200,000 domestic water services in the city on 
January 1, 1938, our estimate of the population of that date would be 
200,000 X 5, or 1,000,000 persons. 

The method of estimating population on the basis of water seiyices, 
as mentioned above, may seem to be simple. In general, it is merely 
that of dividing the Federal Census population figure by the number of 
water services for the census year, and then applying the quotient as a 
factor to the service data for any other year. Ordinarily, however, 
in computing the basic factor and in making the final estimate, many 
adjustments and corrections must be made. The more important diffi- 
culties that were met in a practical problem of estimating the population 
of Los Angeles for January 1, 1927, illustrate the types of difficulties that 
may be encountered. These will now be discussed. 

It was found that the installation of water services had a distinct 
seasonal variation and that it was influenced by the business cycle in 
building activity. This seasonal variation and cycle did not correspond 
to the population seasonal variation and cycle. Care had to be taken, 
therefore, that the estimate was not influenced by seasonal changes, or 
by the upward or downward slope of the cycle. 

It often happens that the boundaries of an area served by a city water 
department are not the same as the city’s corporate limits. In this city 
under discussion, the city water department served an area which 



434 


BUSINESS STATISTICS 


extended beyond the corporate limits of the city itself, but the number of 
sei^ces was small. The exact number outside was not known, but in 
1923 it was estimated that about 3,800 services of the department were 
outside the city limits. To counterbalance this, however, an investiga- 
tion at that time showed that five private water companies operated 
within the city limits and provided approximately 4,000 services to city 
dwellings. 

The annual increase of services of the city water department included 
new services installed, and also the services acquired by purchase from 
private companies operating in the city and in annexed territory. Serv- 
ices acquired in the older parts of the city may represent no new increases 
in population, but those acquired when an area is annexed to the city 
may be good indicators of the increases due to annexations. 

It was desirable to know the number of water services used for domes- 
tic purposes only, but the data were not available. Many services fur- 
nished water to buildings where shops and stores existed jointly with 
living quarters. The commercial, industrial, and domestic services 
were, therefore, in one amount. As long as the percentage relation 
between the domestic and business services remains the same, no error 
develops, but if one grows faster than the other, the resulting estimate 
may be faulty. 

In addition to the foregoing difficulties, the data included (under 
varying designations) free services for .parks, city buildings, and sewer 
flushing; services for private fire protection; irrigation services; services 
with meters out; services disconnected entirely; and services shut off 
due to vacancy, delinquency in paying bills, and other causes. In the 
case of disconnected services, the serial number of the service was resold 
as a new installation. Services are sometimes ordered but never put in, 
or are ordered one year and installed the next. All of these conditions 
must be observed and corrections must be made to offset the difficulties 
when possible. When it is impossible to make corrections, allowances 
must be made when using such an estimate. When actual data for mak- 
ing the adjustments and corrections cannot be secured, the expert opin- 
ions of the water department officials are often very valuable in improving 
the basis for the estimate. 

In this case, analysis brought out the fact that although free services 
were uniformly about 3 or 4 per cent of the total, disconnected services 
had decreased from 7 per cent to 1.3 per cent over a 15-year period. 
An attempt was made to deduct all items not related to domestic services. 
It was possible, however, to deduct only the free services and 
disconnects. 

Since November 9, 1926, the water department of this city has 
installed water services for vacant lots for the purpose of avoiding as 
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much as possible the necessity for future excavation in the pavement. 
These services are easily deducted as the number is reported, but care 
must be taken to see that such services are not included in the figure used 
in making the population estimate. 

On the basis of various estimates, it was determined that, under 
average conditions, water services installed for residence use would not 
be used by tenants until approximately three months after installation, 
because a service usually was installed to provide water for construction 
as soon as the building permit was secured. Even after the house is 
completed it often happens that it is not occupied for some time. In 
order to allow for this lag between the installation of the service and 
its domestic use, therefore, the services which were related to the people 
counted in the census of January 1, 1920^ were those inventoried three 
months earlier — about October 1, 1919. For the 1910 factor, the serv- 
ices were adjusted in conformity with this lag to January 15, 1910, to 
apply to the census date April 15, 1910.^ The same adjustment was 
made in the data used for the 1927 estimate. 

If the proportion of vacancies in the various types of dwellings 
changes, then the relation between water services and population will also 
change. It was estimated that in January 1920 only 3.2 per cent of the 
residential accommodations in the city were vacant. A survey made on 
December 15, 1926, showed that the proportion vacant was 8.2 per cent. 
It is possible to make a reasonably accurate (jorrection for vacancies in 
this city from the quarterly vacancy figures that are available. In this 
instance, the correction amounted to a deduction of 18,400 meters from 
the 1927 figures. 

After the necessary corrections and adjustments were made in the 
water-service figures, the persons-per-service factors found for 1910 
and 1920 were 5.142 and 5.325, respectively. This seemed to indicate a 
gradual increase of persons per service. And there were a number of 
other conditions which indicated that a progressively increasing factor 
should be used. Undoubtedly there was a change in relation between 
water services and population, due to the increasing proportion of multi- 
ple family dwellings, since the city water department installs but one 
service for a duplex, a flat building, or for an apartment house in this 
particular city. Consequently, from one to a considerable number of 
families may be represented by one service. While such conditions 
indicated the necessity for a progressively increasing factor of persons 

^ The Federal Census of 1920 was taken as of January 1, 1920, while the Census of 
1910 was taken as of April 15, 1910. In both years the water services were inventoried 
as of June 30 or July 1. The lag mentioned must be checked every time an estimate 
is made as it is probable that it is subject to considerable change. (The Census of 
1930 was taken as of April 1.) 
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per service, there were two offsetting factors which had to be considered. 
In the first place, there is a strong tendency for the average-sized family 
in the city to become smaller as the proportion of apartment dwellers 
increases.^ In the second place, the number of vacancies in apartment 
houses and other multiple-family structures was relatively high, and 
consequently the increase in the factor of persons per service did not bear 
a direct relation to the increasing proportion of apartment house units 
furnished. This presents a real difficulty in using this method when there 
is a large increase or decrease of the population dwelling in apartment 
houses. The change would not be reflected in water services because as. 
long as there is any occupancy at all in a multiple-family structure the 
service will be operated. 

Obviously, it was desirable to allow for some increase in the factor of 
persons per service. Just what this increase should be was a question 
that could not be decided on a statistical basis without making more 
elaborate calculations than were possible under the circumstances. 
Finally, it was decided to use an approximate projection of the rate of 
c>ange indicated from 1910 to 1920, which gave 5.46 as the 1927 factor of 
persons per service. 

On the basis of the foregoing methods, qualifications, and adjust- 
ments, the final number of services to be used with the factors computed 
in this investigation was 205,222 for January 1, 1927. This number 
multiplied by the persons-per-service factor of 5.46 gave 1,120,512 as the 
estimated permanent population of Los Angeles for January 1, 1927. 

There are many methods, other than those discussed, of making 
adjustments and corrections in water-service data when estimating 
population. The methods that are given were actually used in a prac- 
tical problem of business analysis and are submitted as examples which 
indicate the common types of problems that arise, and show the solutions 
that were believed to be practical for the purpose at hand. These sug- 
gestions should be- helpful in developing a procedure when estimating 
population for this or some other city. 

Estimate Based on Building Permit Data— When making a popula- 
tion estimate on any basis, it is important to check it with other inde- 
pendent bases. Before accepting the preceding estimate of population 
for Los Angeles for January 1, 1927, estimates were also made on several 
other independent bases. One of the best of these was the number of 
fa mily accommodations in residential building per mits. If the building 
department of a city keeps records showing the number of family accom- 
modations for which permits to build have been issued, one may have a 


‘ The average number of persons per family in Los Angeles decreased from 4.067 in 
1910 to 3.616 in 1920 and 3.342 in 1930. 
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good basis for estimating population. Such an estimate is based prin- 
cipally upon adding the increases in family capacities to the total capaci- 
ties that existed on the census date, subtracting the vacancies, multiplying 
by the number of persons per family, and correcting for non-permanent 
residents and annexations. 

The process of making the estimate will be explained in detail in 
connection with Exhibit 186. The first item (number of permanent and 
non-permanent families for January 1, 1920) is based upon the census of 
that date. The Federal Census, however, gives only the permanent 
residents. Obviously, it is necessary to know the proportion of non- 
permanent residents in order to get the total of all residential capacities. 
This figure was not readily available, but upon investigation it was found 
Population Estimate Based upon Family Capacities of Building Permits, 


Los Angeles, January 1, 1927 

1. Families, permanent and non-permanent, January 1, 1920 181,223 

2. Estimated family capacities vacant January 1, 1920 5,763 

3. Estimated family capacities under construction January 1, 1920 1 .930 

4. Family capacities, permanent and non-permaiicnt, added to January 1 , 

1927 174,059 

5. Total family capacities, permanent and non-permanent, January 1, 

1927 362,975 

6. Deduct for vacant and under construction —34,483 

7. Total family capacities, permanent and non-permanent, occupied 328 , 492 

8. Deduct non-permanent families —44,346 

9. Total permanent families 284, 146 

10. Total permanent persons (284,146 X 3.616) 1,027,472 

11. Add population annexed 86 , 890 

12. Total permanent population 1,114, 362 


Exhibit 186. — Illustration of procedure in making population estimate on the basis of 
family accomodations added according to building permits. 

from a private source, which had a close check upon these conditions in 
1920, that the proportion of non-permanent residents at that time was 
approximately 12 per cent. The number of permanent families enumer- 
ated on January 1, 1920, by the Federal Census was 159,476. Consider- 
ing this figure as 88 per cent of the total, we have 181,223 as the total 
permanent and non-permanent families, as shown by the first figure in 
the table in Exhibit 186. This figure was taken to represent the total 
occupied dwelling capacities. The next step in building up the total 
of all dwelling capacities, was to add the number vacant. This was deter- 
mined by an estimate and is shown as the second figure (5,763) ..in Exhibit 
186. As the increase since the last Federal Census is based upon the 
total increase of dwelling accommodations for which permits to build 
have been issued, it was necessary to add also the family capacities 
urider construction in January 1920. No information or definite esti- 
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mate was available on this pointy but an investigation indicated that the 
average length of time required for construction of residential buildings 
at that time was about three months and, consequently, the number of 
family capacities for which permits had been issued during the three 
months prior to January 1 was taken as the number under construction, 
and this number (1,930) is shown as the third figure in Exhibit 186. To 
the figures previously obtained, the total number of family capacities 
for which permits were issued during the period from January 1, 1920, 
to January 1, 1927 (174,059), was added as shown in Exhibit 186, and 
this gave the total family capacities for the desired date. This number 
is 362,975 (see Exhibit 186). 

With the total family capacities determined for both permanent and 
non-permanent , population, including those vacant and under construc- 
tion, the next step was to deduct the vacancies and the accommodations 
under construction. Fortunately, in this city, quarterly surveys were 
available which furnished data on the proportions vacant and under 
construction. The total number of family capacities was multiplied by 
this percentage (9.5)^ and the result (34,483) was subtracted as shown 
in Exhibit 186. In order to arrive at a figure which is comparable with 
the Federal Census figures, the estimate must include only the 'permanent 
population, and, consequently, the non-permanent must be deducted. 
From time to time, surveys have been made on a sampling basis in this 
city in order to arrive at a reasonable estimate of this proportion, which 
was deducted as shown by item 8 in Exhibit 186, leaving a total of 284,146 
permanent families. 

Having determined the total number of permanent families, the next 
step was to multiply this figure by the number of persons per family as 
indicated by the last Federal Census. To this figure, estimates of the 
population of annexations, as indicated by the city records, were added, 
which gave a final figure of 1,114,362 for the total permanent population 
of the city on January 1, 1927 (last figure in Exhibit 186). This figure, 
it will be noted, corresponds closely to the estimate based on water 
services. 

No direct correction was made in Exhibit 186 for family capacities 
added by alterations and additions, since no definite figures were avail- 
able. After a study of the problem, however, it was believed that these 
additions were very closely offset by the deductions due to family capaci- 
ties demolished, destroyed by fire, or converted into business buildings, 
and permits issued but not acted upon. 

The preceding discussion indicates the steps that were taken, but 
it does not indicate fully the care that must be used in taking each step. 

^Stdctly speaking, this is a factor for December 1920 (published in the Eberle & 

Ri^^eman Bcohomic Service for December 27, 1926), adjusted to January 1, 1927. 
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As an indication of the analysis that should ordinarily be applied, the 
factor of persons per family, used in item 10 in Exhibit 186, will be exam- 
ined. The Fed 9 ral Census enumerates the families as well as the individ- 
uals in each civil division. By dividing the number of persons by the 
number of families, the number of persons per family was obtained. On 
January 1, 1920, Los Angeles had 676,673 persons and 159,476 families, 
which places the average size of its census family at 3.616 persons. The 
census family differs from the natural family. The following quotation 
from the 1920 Census explains this difference: 

The term “ family,’* as used in the census, signifies a group of persons, whether 
related by blood or not, who live together as one household, usually sharing the 
same table. One person living alone is counted as a family, and, on the other 
hand, all the occupants and employees of a hotel, boarding house, or lodging 
house, if that is their usual place of abode, and all the inmates of an institution, 
however numerous, are treated as constituting a single family. Thus tlie census 
family may be either a private family or an “economic family.” 

In the Census of 1900, an investigation was conducted to determine 
to what extent the census family differed from the private family in 
numbers of persons. It was found that there was practically no difference 
for the nation as a whole or for many of the states. However, in com- 
munities where unusual conditions prevailed, such as the presence of 
a large floating population, large schools, hospitals, or construction camps, 
the difference was found to be marked. The number of persons per 
family has been decreasing steadily in the United States. In 1850, there 
werd 6.6 persons per family as compared with 4.3 in 1920. It was of 
greater significance in this survey, however, to consider the situation 
in California and Los Angeles. In California, the number of persons 
per family increased from 3.769 in 1840 to 4.917 in 1890, and then 
decreased to 3.807 in 1920. The early increase was caused by a large 
floating population entering the state at the time of the mining and rail- 
road booms. Many persons at that time lived in public places. The 
decrease has probably been due to a change from living in hotels, board- 
ing houses, and camps to living in private homes; a decrease in the birth 
rate; and an influx into southern California of many persons who do not 
bring their families with them. Data on sizes of families were not avail- 
able for Los Angeles for dates earlier than 1890, but since that time the 
number of persons per family had decreased from 4.558 to 3.616 in 1920. 

Obviously, in an estimate of population which is based upon a com- 
putation of families multiplied by the number of persons per family, 
considerable importance must be attached to the accuracy of this factor, 
because an increase or decrease of a few tenths will materially raise or 
lower the estimate. Accordingly, the question arose as to whether the 
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factor of 3.616 persons per family for Los Angeles should be accepted or 
changed. On the one hand^ strong claims were made that the increase 
in industrialization during the preceding seven years had caused the 
number of persons per family to increase, while, on the other hand, it was 
pointed out that the trend of the last four Federal Census factors indicated 
further decrease. It was difficult to see how the factor could increase, 
because it was evident that a large part of the incoming population was 
of the retired type, and apparently those who came to work in the indus- 
tijes were composed largely of those with no families or with small fami- 
lies, because they could move more readily than those with large families. 
However, it did not seem probable that the factor had decreased further, 
as it was lower in 1920 than the factor for any other city of over 100,000, 
in population. In view of these considerations, it was decided to use the 
1920 size of family in making the estimate under consideration. (It 
may be of interest to note that when the Federal Census was taken three 
years later, the size of family in Los Angeles was found to be 3.359 
persons.) 

Estimate Based on City Directory. — Though the proportion of a 
city’s population that is listed in city directories sometimes fluctuates 
widely over a period of time, it is ordinarily a good basis for estimating 
population, providing the estimates are made by those who are familiar 
with current population characteristics. As in .the case of water serv- 
ices, this estimate depends upon finding the relation of the number of 
names in the directory to the Federal Census, and then applying the 
factor that is found to the number of directory names for succeeding 
years. That is, if the city has a population of 500,000 on January 1, 
1930, and there are 100,000 names in the city directory as of this date, 
then the number of names in the directory multiplied by 5 would give 
the population for the following years. It is obvious that the accuracy 
of this estimate depends upon a constant relation between city directory 
names and population, or, in other words, it depends upon securing the 
same proportion of names year after year. One check which is of value 
in this connection is to see whether the factor is the same for several 
preceding census dates. Other checks, however, which fit the particular 
case must be applied for the purpose of finding out as much as possible 
about conditions since the last census date. This basis will not be dis- 
cussed further at this point. From the previous detailed discussion of 
water services and building permits, the student will appreciate that the 
same type of procedure and care characterizes the making of population 
estimates on other bases. 

Estimate Based on School Data. — One of the most readily available 
series upon which a population estimate may be based is that of elemen- 
tary school enrollment. This is ordinarily available by cities, counties. 
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and states. Average daily attendance figures are also valuable either 
for use as a direct basis or as a check upon the enrollment figures. In 
communities where there is a rapid turnover of population, the average 
daily attendance figures sometimes constitute a more representative 
basis than the enrollment figures. Elementary school figures are ordi- 
narily the best, as they have a more constant relation to the population 
than high-school or evening-school enrollment. As is the case with 
water services and building permits, there are often many corrections 
and adjustments which must be made. The exact nature of these will 
be indicated by a study of the individual case. Ordinarily, allowances 
must be made for seasonal variation, schools outside the city proper but 
in the city system, schools recently added to the city system, and changes 
in the proportion of private schools. All that was said in connection 
with the building permit basis regarding changes in the size of the family 
applies with equal importance to the school enrollment basis. 

Telephones, Gas and Electric Services. — Three other bases that can 
be used in a manner similar to water services are telephones, gas services, 
and electric services. As is the case with the preceding bases, these 
series must be corrected and adjusted to make the correlation between 
them and the population as high as possible. If, for instance, the propor- 
tion of business telephones is increasing, the proper allowance must be 
made. Adjustments usually must be made when using telephones and 
gas or electric services because of the fact that the serving areas of these 
public utilities are seldom the same as the areas within the municipal 
boundaries of the city. Such figures as electric services must be carefully 
analyzed to see that the correlation with population is high. In one 
city, for instance, there were large figures for new services. It was found, 
however, that a large portion of these did not represent increased popula- 
tion but were simply replacement installations required because of the 
increased use of electric appliances. Similarly, domestic electric power 
consumption is not a good index of population growth because the domes- 
tic use of electric power is increasing at a more rapid rate than population, 
owing to the increased use of new electrical household equipment. 

Estimate Based on a House Count. — In certain instances, none of 
the preceding bases can be used. In suburban cities and towns, it often 
happens that conditions change so rapidly that the relations between 
population and the various series previously mentioned cannot be 
determined definitely enough to be dependable. In such instances the 
house-count method has been found to be a practical one. In this 
method, enumerators simply count the occupied dwellings and the result 
is multiplied by the average number of persons per dwelling. It is usually 
advisable to make a sample check to determine a reasonable factor of 
persons per dwelling. 
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This method is a reasonably simple one when the dwelling places 
counted consist of single-family dwellings. When apartments, hotels, 
and rooming houses are present, the problem of determining the popula- 
tion becomes a more difficult one. 

In some instances, the Federal Post Office, public utilities, or other 
organizations have made such house counts for their own purposes, and 
the data may be obtained from them for use in making population 
estimates. 

The house-count method is the only method included in this discussion 
which is independent of the Federal Census. In all of the other methods, 
the census figures are used as a basis for determining the factors to be 
applied to the data, or the census enumeration is used as a base to which 
subsequent increases are added. It should also be noted that the house- 
count method, as above outlined, includes both permanent and non- 
permanent population. 

Semiannual, Quarterly, and Monthly Estimates. — Annual estimates 
of population are sufficient for most purposes, but in some instances it 
is desirable to have estimates at semiannual, quarterly, or even monthly 
intervals for areas where it is known that the population is rapidly chang- 
ing. Any of the bases previously discussed can be used in making semi- 
annual, quarterly, or monthly estimates if the data can be secured for 
corresponding intervals. Ordinarily, however, this is possible for only 
a few of these series. But this is not a serious difficulty, as an annual 
estimate can be made by using several bases and the, say, monthly esti- 
mates can be carried forward through the year by using a few available 
series. Then, at the end of the year, another annual estimate can be 
made by using a larger number of bases, and so on. 

Estimating Non-permanent Population. — ^As has been pointed out 
from time to time, the practical use of population figures usually depends 
upon having the total number of all persons in the area under considera- 
tion.- Census data (or comparable estimates) can be made to include the 
non-permanent population by making an investigation on a sampling 
basis to. determine the percentage whose permanent residences are in 
other parts of the country, and then raising the figures in the proper 
proportion. This investigation ordinarily must-be made by having a 
field enumerator make personal calls upon a representative number of 
families. On his schedule he can record the number of persons in each 
family and indicate whether the family resides in the city permanently 
or whether some other city is considered as its permanent address. 

The house-count method, as previously described, includes both 
permanent and non-permanent population. In other words, it includes 
the total of all persons in the area covered, and no correction need be made 
if the total figure is the one desired. If, however, a figure including 
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only the permanent population is wanted, the non-permanent will have 
to be estimated and deducted. 

Importance of Purchasing Power,— As previously stated, it is difficult 
to base any conclusions on population unless one knows something about 
the purchasing power. This not only is important to those who are 
selling goods directly, but it is also important to bankers, realtors, and 
other business men whose operations directly or indirectly depend upon 
the purchasing power of the districts into which they are extending their 
operations. . One of the reasons why one sees so many suburban stores 
going out of business is that there is not enough purchasing power in 
their immediate communities to justify their existence. This is especially 
true during a decline in business activity. It is understood, of course, 
that purchasing power is only one ol the factors that should be considered 
in the preceding instances. Competition should be carefully analyzed 
while the types of buyers, their customs, nationalities, occupations, 
standards of living, and the like must be studied. 

The importance of population to different kinds of commodity mar- 
kets varies with the size of the individual incomes. When using pur- 
chasing-power statistics the following tendencies should be observed: (a) 
the greater the individual’s income, the smaller is the percentage spent / 
for food; (6) as the income increases, the percentage spent for clothing' 
is approximately the same; (c) as the income increases, the percentage 
spent for rent, fuel, and light is approximately the same; and (d) as the 
income increases, the percentage spent for luxuries becomes greater.^ 
The relative position of the buyer in the business cycle should be carefully 
determined. In a period of increasing or high prosperity, the buyer tends 
to spend relatively more of his income than when conditions are poor. 
In a period of depression, purchasing power will ordinarily decrease, 
but even in cases where one can maintain the same income it will not be 
spent as freely. 

In analyzing long-time trends in the United States market, the seller 
must appreciate the basic changes that have taken place. Not only has 
there been a tremendous increase in the national income, but the relative 
importance of the sources has changed. One of the curves in Exhibit 187 
has been adjusted for changes in price level. Such an adjustment should, 
of course, be made in problems where the data are considered as repre- 
sentative of real purchasing power. 

Purchasing Power Compared with Population. — Obviously, the dis- 
tribution of purchasing power will often be quite different from the 
distribution of population. That is, an area which has a small population 
may have a high purchasing power, while an area that has a large popula- 


^ These tendencies are sometimes referred to as “Engel's law.” 



444 


BUSINESS STATISTICS 


tion may have a low purchasing power. In Los Angeles in 1926, for 
instance, about one-twelfth of the families received an income of over 
$5,000 per year, but the total income received by this one-twelfth con- 
stituted about one-third of the income of the entire city. Over 66 per 
cent of the families in the city received incomes between $1,000 and 
$2,600, but the total income of this group aggregated less than one- 
third of the total purchasing power of the city. In such problems as 
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Exhibit 187. — In such problems as analyzing the United States market, the changes in 
. both money income and real income must be carefully considered. 


locating neighborhood stores or branch banks, the purchasing power 
per capita of the different sections of a city must be carefully analyzed. 

Recent Developments in Measuring Pwchasing Power and in Using 
Purchasing-power Data.^ — ‘‘ Until within a few years the buying capacity 
of the United States market, as applied to the sale of the products of any 
could be measured with sufficient accuracy by any good 

ur paragraphs of this discussion of recent developments in measuring 
.|rurchasing power and in using purchasing-power data are abstracted from ‘l^me 
^Beeent Developments in Market Analysis," an address delivered before the Taylor 
So(^ty^ by PapJ T, (^erin gton, ^irytor pf Research, J. ^yiTalter Thompson Company. 


one concern, 
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thumb-rule. The National Cash Register Company, for example, is 
said to have based its sales plans quite successfully for many years on an 
estimated annual consumption of one cash register for each 400 people. 
Other concerns for years did a satisfactory business on similar rough 
general approximations of consuming capacity. But in recent years, 
the shortcomings of such general averages have been increasingly appar- 
ent. They have required so many local adjustments that they have long 
ago ceased to be even roughly approximate bases for the construction of 
sales quotas. Within the past ten years many new suggestions have 
been tried out, and within the past five years substantial progress toward 
more accurate methods has been made. In this connection, one of the 
principal efforts has consisted of weighting the counties according to 
some measure of purchasing power. 

‘‘One of the earliest of the widely accepted suggestions for indicating 
buying power by counties, w^s that deyelqped by the Curtis JPuM 
Compa ny in w hich it based the buying capacity, first of states audLthen 
of cities, and finally of counties, on the combined circulation figures 
of their three publications — a woman^s magazine, a popular weekly, 
and a farm magazine. _ These three publications operating in three 
distinct fields had, for several years, been consistently at work building 
up circulation of these three types. These circulation efforts constituted 
a process of selection of three well-defined types of people which had been 
carried on consistently on a large enough scale and over a long enough 
period to result in characteristic selections from the total population. 
These figures have been widely used and have proved to be of real value 
in sales quota construction. 

“A similar selection has been made use of by the Crowell Publishing 
Company, which pushed the use of such figures a step farther by combin- 
ing them with other figures indicating the accessibility and purchasing 
power of the country by counties. Much use has been made of the 
figures on income prepared by the National Bure au of. .Economic. 
Resea rch , an d the estimates of purchasing power by counties prepared by 
H. G. Weaver of the Gene ral Motor s Corporation. With these in 
combination a set of figures has been developed covering effective incomes 
by counties which have proved to be of great value in sales quota 
construction. 

^‘Another line of effort which paralleled these in a measure, in point 
of time, has been working out of trading centers. In this work, the two 
most conspicuous contributions have been the list of 657 trading centers 
worked out by the International Magazine Company, and the figures 
covering the 81 cities of 100,000 population, or over, combined with the 
population and purchasing-power figures for the surrounding territory 
covered by a leading newspaper in each of the cities.'' 
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A compilation of statistical data, which no one should be without who 
is concerned with the determination of purchasing power by trading 
areas, is the “Consumer Market Data Handbook of the United States” 
(published by the United States Bureau of Foreign and Domestic Com- 
merce). This handbook presents for the counties of the United States 
data of many types, which can be used as indexes of purchasing power, 
both as to quantities and types. Another valuable statistical aid is the 
quarterly Brookmire Income Map, published by the Brookmire Economic 
Service, which forecasts consumer income by cities, states, and industries, 
see page 380. In problems involving national income data, the estimates 
of the United States Bureau of Foreign and Domestic Commerce, the 
National Bureau of Economic Research, and the National Industrial 
Conference Board are generally used. 

More will be said about the application of purchasing-power data in 
Chapter XXI on Marketing Analysis. 

General Motors Purchasing-power Index.’ — ^As an example of a 
practical method of developing a purchasing-power index on a county 
basis, the General Motors Purchasing Power Index will be described 
briefly. This explanation will also serve as a suggestion of how similar 
statistical problems may be approached and worked out on a practical 
basis. 

“Many data exist which reflect directly or indirectly the relative 
economic importance of the various counties in the United States, and 
extensive use has been made of them in connection with market analysis 
and advertising. The market for the average product depends upon 
purchasing power and this, in turn, depends primarily upon the income 
enjoyed by a given territory. 

“The county data generally available are: 


Value of manufactured products. 
Value added by manufacture. 
Value of mineral products. 

Value of fishery products. 

Value of farm crops. 

Population data. 

Income-tax data. 


Magazine circulation. 
Number of retail outlets. 
Automobile registrations. 
Number of telephones. 
Bank deposits. 

Number of banks. 
Industrial wage earners. 


“Incomes by counties are not available, but for certain past years reli- 
able estimates of incomes by states have been developed by the National 
Bureau of Economic Research. On the basis of tax returns, crop reports. 


^ This description of the General Motors Purchasing Power Index is quoted from 
an article on the subject by H. G. Weaver of the General Motors Corporation, in 
Manufacturing Industries, Vol. XI, No. 4. The index has been used extensively by 
the General Motors Corp6ration. Mr. Weaver was awarded the Edward Bok prize 
of $2,000 for this development as the most outstanding research in the sdling and 
advertising field in 1025. 
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d6bits to individual accounts and other available data, it is possible to 
develop similar estimates for later years. By this method the income of 
each state in ^ the union was estimated and these estimates, coupled with 
the estimates ^f the National Bureau of Economic Research, provided 
us with data whereby the average income of each state might be estimated 
for the past five years. 

‘'It was evident that if some kind of formula could be developed which 
would enable us approximately to calculate this known quantity of 
income for each state, and if in the development of this formula we would 
use only such data as were also available by counties, we would then have 
a formula which, in all probability, would be approximately true for the 
calculation of county income. 

“By reducing the state data to a percentage of the United States 
basis it was possible to appraise each factor as regards its correlation with 
the per cent of effective income in each state. Over 1,000 tests were 
then conducted involving various combinations of the percentage data 
to determine just which elements provided the best indices to effective 
income. The following were chosen as the most pertinent or 'appro' 
priate’ material to use for this particular purpose: 

A = Per cent of value of products including: 

Added by manufacture (United States Census, 1919). 

Farm crops (United States Census, 1920). 

Live-stock products (estimated by Crowell). 

Mineral products (United States Geological Survey, 1922-1923). 

Fishery products (United States Bureau of Fisheries, 1920-1923). 

B = Per cent of retail outlets (R. L. Polk Census, 1922). 

C = Per cent of total population (United States Census, 1920). 

D = Per cent of income-tax returns (United States Bureau of Internal 

Revenue, 1922). 

“It was found that the proper combination of these percentages lay 
somewhere between a simple average and a weighting of the income-tax 
data twice, three, four, and five times. The formula reads : 

A + B -hC + M XD 
F ^ 

where Af is a multiple (1, 2, 3, etc., of the factor D) and N is an arbitrary 
divisor. 

“Thus, the State of Alabama represents: 

A = 1.22 per cent United States total value of products. 

B 5* .1.26 per cent United States retail outlets. 

C « 2.22 per cent United States total population. .. 

D 0.64 per cent United States income tax returns. 
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*'The approximate ratio to be arrived at is: 

K = 1.09 per cent United States total effective income. 

“The four pertinent factors were worked into fonmflas as follows: 

„ , , 1.22 + 1.26 + 2.22 + 0.64 

Formula 1. 1 = 1.33 per cent. 

„ , „ 1.22 + 1.26 + 2.22 + 2 X 0.64 , . 

Formula 2. ! — = = 1.20 per cent. 

5 

„ , - 1.22 + 1.26 + 2.22 + 3 X 0.64 , 

Formula 3. — = 1.10 per cent. 

o 

„ , . 1.22 + 1.26 + 2.22 + 4 X 0.64 , . . . 

Formula 4. ' =1.04 per cent. 

„ , _ 1.22 + 1.26 + 2.22 + 6 X 0.64 . „ 

Formula 6. g = 0.99 per cent. 


“By applying these five formulas to all the states it was found that the 
following number of calculations fell within 10 per cent of the known 
quantity K, the estimated state income: Formula (1) 26; (2) 35; (3) 46; 
(4) 44; (5) 41. 

“While the foregoing results are predicated upon a ‘cut-and-try’ 
process, there is ample scientific justification for the use of these combined 
factors as ah index to income. However, it was evident that no one 
formula would answer for all states, but that a final choice would have 
to be made on the basis of individual state groups. Hence a ‘similarity 
table’ of states was worked up in seven columns headed: 

1. Average effective per capita income. 

2 Ratio effective income 

° number of tax returns 

3. Per cent population in cities over 25,000 (1920 census). 

4. Retail outlets per .100 square miles farm area (Polk and United 
States Census). 

5. Per cent native white population (1920 census). 


6. Ratio 


value added by manufacture 
value crops and live-stock products 


(Crowell Publishing 


Company). 

7. V^ue of mineral and &hery products as a per cent of total value 
of products (Crowell Publishing Company). 

“An exhaustive analysis of this table led to the conclusion that states 
could not be successfully grouped solely on geographical location. The 
only practical grouping for measuring purchasing power seemed to be by 
characteristic factors as devdoped in the similarity table. 

basic classifications determined upon through the use of this 
table.'^v^ as follows: 
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1. Southern Group, — Characterized by low per capita income and extensive 
agricultural operations. (South Carolina, Georgia, Alabama, Mississippi, etc.) 

2. Sparsely Settled Western States. — Characterized by high incomes, range-cattle 
and mining operations. (Arizona, Nevada, Montana, etc.) 

3. Urban Group. — ^Thickly settled industrial states having a high percentage of 
population in large cities. (New York, Rhode Island, Massachusetts, Illinois, 
Michigan, etc.) 

4. Miscellaneous and Hybrid Groups. — Some states do not fall under the distinct 
classification and must therefore be tested with groups especially designed for the 
purpose. (West Virginia, for example, appears to be a cross between Pennsylvania 
and Oklahoma. Maine, New Hampshire, and Vermont have the characteristics of 
Massachusetts, on the one hand, and Montana on the other.) 


Formulas Applied to Individual States 


State 

For- 

mula 

State 

For- 

mula 

State 

For- 

mula 

State 

For- 

mula 

AlA.hfl.TTia 

2 

Iowa. 

3 

NavatIa 

2 


2 


2 

Kansas 

3 

New Hampshire 

3 


3 

ArlrATTfifUi 

2 

Kentucky 

3 

New Jersey 

4 

Texas 

2 

PAlifnrniA 

4 

Louisiana 

2 

New Mexico .... 

2 

Utah 

3 

Colorado 

3 

Maine 

3 

New York 

4 

Vermont 

3 

Connecticut 

4 

Maryland 

3 

North Carolina. . 

2 

Virginia 

2 

Delaware 

3 

Massachusetts . . . 

4 

North Dakota. . . 

2 

Washington 

3 

Diet, of Columbia 


Michigan 

3 

Ohio 

4 

West Virginia . . . 

3 

Florida 

2 

Minnesota 

3 

Oklahoma 

3 

Wisconsin 

3 

Georgia 

2 

Mississippi 

2 

Oregon 

3 

Wyoming 


Idaho 

2 

Missouri 

3 

Pennsylvania .... 

4 


Illinoie 

3 

Montana 

2 

Rhode Island. . . . 

4 



Indiana 

3 

Nebraska 

3 

South Carolina . . 

2 




Exhibit 188. — Tho General Motors Corporation found it necessary to use different 
formulas for different states in its purchasing-power index. This illustrates a common 
problem in business statistics. Uniform formulas or uniform methods may not produce 
the most uniform results. 

“We are now in a position to apply our formulas to selected group? 
corresponding more closely to the conditions represented by the relations 
between the different counties within an individual state. 

“On the basis of the various groupings and combinations of groupings, 
18 groups were tested in addition to the preliminary tests on the United 
States as a whole. These tests not only covered states that were eco- 
nomically similar but also a number of groups that dovetail into one 
another with the idea of getting as many different, kinds of combinations 
as appear likely to occur as between the counties in any single state. 

“Through such group testing, the formula best suited to each state 
was determined, as shown in Exhibit 188. Incidentally, the formula 
finally chosen for a given state was not necessarily the same as the formiUa 
which showed the best agreement for that particular state according to 
the calculations above described. 














450 


BUSINESS STATISTICS 


‘‘In the case of such states as Alabama, Mississippi, Georgia, etc., 
it was established that Formula 2 would give the most accurate results. 
Hence, the conclusion is drawn that Formula 2 will give the best results 
for the individual counties composing Alabama. 

“By appl3dng the percentages developed in this way to the effec- 
tive income for the state as a whole, we arrive at an estimate of the 
total effective income received by each county, and then by dividing this 
effective income by the population of the county we can determine the 
effective per capita income for each county. Our final product, therefore, 
provides us with income data for each county expressed in three ways: 

1. The effective income of each county as a per cent of state total. 

2. The amount of effective income received by each county expressed 
in dollars. 

3. The effective per capita income of each county expressed in dollars. 

“The following example shows the derivation of this data for Autauga 

County, Alabama: 

Autauga County as a per cent of the Alabama state total has 

.91 per cent of total value of products in the state. 

.69 per cent of retail outlets in the state. 

.80 per cent of total population in the state. 

.23 per cent of number of income tax returns in the state. 

Income ratio = —= = .552 per cent. 

o 

“In other words, Autauga County receives .552 per cent of Alabama's 
income. The average effective income of Alabama for the past five years 
is estimated at $706,600,000. Therefore, .552 per cent of $706,600,000 
gives an estimate of $3,900,432, representing the annual effective income 
received by Autauga County. The population of Autauga County 
is 18,908. And $3,900,432 divided by 18,908 gives us an average annual 
effective per capita income of $206. 

“The adaptation of such basic data to the practical problems of 
marketing must obviously vary according to the individual nature of each 
product." 

Estimating Local Purchasing Power. — When it is desired to have 
a definite representation of the local geographical distribution of purchas- 
ing power, it is practically always necessa^ to resort to some method of 
estimating, as no census of purchasing power is ordinarily available. If 
a careful search is made, it is usually possible to find information which 
can be used to make a fairly detailed estimate of the purchasing-power 
situation. This can be illustrated by referring to a survey which was 
made in connection with locating a large store in Los Angeles. The 
question had arisen as to whether, by moving from the old shopinng 
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center, the store could be more conveniently located in relation to the 
purchasing-power class from which it drew its trade. Consequently, 
it was desirable to know how the purchasing power was distributed 
throughout the city by four different groups — ^namely, high-class purchas- 
ing power, high middle-class purchasing power, low middle-class pur- 
chasing power, and low-class purchasing power. ^ It is obvious that in 
such an instance, a house-to-house canvass could not be made for Ijwo 
reasons. In the first place, the cost would be prohibitive; and in the 
second place, the chances are that, as a rule, the person interviewed 
would either refuse to give the information or would give inaccurate or 
unreliable information. Therefore, the problem was to find some reliable 
index which would indicate the amount of purchasing power for the city 
and how it was distributed. 

It was found that about two years previously one of the public utilities 
had made a survey which showed estimated rental figures for every family 
capacity in the city. These were classified by different types of dwellings 
and were recorded by about 500 small sections of the city. While these 
data were confidential, it was possible to make arrangements to use them 
for the purpose at hand. An investigation was then made on a sampling 
basis which determined the relation of rents to income. The next step 
was to convert the rental figures for each of the 500 small sections to 
income figures on the basis of this factor. In this manner, the amounts 
of purchasing power for 500 different sections of the city were secured, 
but there still remained the problem of bringing them up to date. In this 
case, this was accomplished by compiling building permit data which 
showed the value of new dwellings by classes that corresponded to the 
four income groups for the 500 sections of the city. In this process, of 
course, a factor was determined which would show the relation of the 
cost of the new dwelling to the average income. It was necessary also 
to correct the data for vacancies. Then these increases in purchasing 
power were added to the amounts that had already been determined. 

General Application of Preceding Methods. — The examples described 
in the preceding discussion illustrate the problems that actually arose in 
making practical estimates of population and purchasing power. The 
methods as specifically described may not be entirely satisfactory for 
every project, as different problems will arise and other data may have 
to be used. They should, however, provide a working basis and indicate 
an approach that can be followed in solving such problems. An apprecia- 
tion or understanding of the problems described will provide a back- 

^ Classification of purchasing-power data by income groups, whether on the basis 
of large or small geographic areas, is often of great importance in making practical 
applications. The sales of Cadillac or Lincoln cars, for instance, could hardly be 
estimated accurately on the basis of the total purchasing power in an area. 
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ground which will enable these or similar methods to be fitted, not only 
to other population and purchasing-power problems, but to problems of 
making other kinds of estimates. Alterations and improvements can 
be made that will be practical for the particular purpose at hand. 

Questions and Problems 

1 . Discuss the importance of current population data in establishing business 
enterprises, and in organizing sales forces. 

2 . Suggest several bases on which the population of a given locality may be classi- 
fied to assist in formulating business policies. 

8 . Why is it important to distinguish between permanent and non-permanent 
population? 

4 . Is the Federal Census of population the only one taken? How often is it 
taken? 

6. List several common bases for making population estimates. 

6. What are the limitations of the projection-of-rate-of-growth method? What 
modifications have been applied in Federal Census Bureau estimates? 

7 . Explain the method of estimating population on the basis of water services, 
and point out some of the difficulties in using this method. 

8 . How may building permit data be used for estimating population and what 
Gollateial data must ordinarily be used? 

9. How are city directory data and school enrollment used in estimating popu- 
lation, and what difficulties are likely to be found in using these data? 

10 . What public utility services (other than water) are useful in estimating 
population? Discuss. 

11 . What are the difficulties encountered in the house-count method of esti- 
mating population, and in what ways does this method differ from those previously 
considered? 

18 . When are semiannual, quarterly, and monthly population estimates lujcessary ? 

18 . How can the non-permanent population of a city be estimated? 

14 . Of what importance is an estimate of the purchasing power of the population? 

16 . As incomes increase, d8es the percentage of income spent for food tend to 
increase, decrease, or remain stationary? The percentage for clothing? For rent, 
fuel, etc.? For luxuries? 

16 . How has the national income increased during the last 20 years? Of what 
significance is thief in analyzing purchasing power? 

17 . Is the place of greatest density in population always the place of greatest 
purchaidng power? Discuss. 

18 . How did the Curtis Publishing Company indicate buying power by counties? 

19 . How does the Crowell Publishing Company indicate purchasing power by 
counties? 

20. Describe the development of the General Motors Purchasing Power Index. 

21 . How , can the distribution of purchasing power within a city be determined? 

22 . Can purchasing power be estimated accurately by house-to-housc enumer- 
ation? Why? 

28 . On the basis of methods similar to those described in this chapter, how would 
you estimate the number of prospects for electric irons? For screen door silencers? 
For a new breakfast food? For a new theatre? 

24 . On the basis of available series, estimate the population of your city, or of a 
cettaan area, as of January 1 of the current year. 

oi avaMAe aetvea, eslunate ttva Ifwa wfej, 

or o\ a area, as o\ 'laxmaty \ o\ Vhe eurrent year. 



CHAPTER XX 


PRODUCTION AND LABOR STATISTICS 

It is the purpose of this chapter to point out some of the more impor- 
tant ways in which statistics are used in increasing efficiency in produc- 
tion.^ Since the limited scope of the present chapter does not permit 
detailed consideration of the different kinds of production (farming, 
mining, manufacturing, etc.) the discussion is confined to the more impor- 
tant uses of statistics in manufacturing. The principles considered, 
however, are fundamental, and can usually be applied to the other kinds 
of production. 

Approach to the Problem. — As previously indicated, the business 
investigator must have a definite and orderly way of approaching a 
production, labor, or other problem. This is a practical necessity if the 
final report is to be satisfactory in scope, cost, and results. 

The first step in approaching the problem is to define the real objective. 
For example, the real objective in wage fixing is not to pay according to 
productivity; it is to adopt such a combination of wage payments, sick 
benefits, pensions, unemployment reserves, etc., as will result in the 
most effective long-time combination of low total unit costs and content- 
ment of working forces. Moderate increases in wages and benefits with 
length of service, regardless of individual e#cicncy, may produce the 
best results, and it may be of utmost importance to collect information 
on this question, if the real objective of a wage-fixing investigation is 
clearly and accurately defined. 

The next step in approaching the problem is to eliminate, or at least 
to recognize, the personal equation. Statistical investigations are not 
rigid. They may be greatly influenced by personal opinions or bias on 
the part of the investigator. Many factory managers, as well as other 
business men, do not realize the extent to which their own personal 
interests interfere with arriving at a scientific solution. 


^ In this text the term ‘‘production ” is used as it is broadly understood in business. 
It includes such industries as farming, mining, lumbering, and manufacturing or, in 
other words, those activities which are principally involved in the creation of form 
utilities. Attention is called to the meaning of the term production because of the 
fact that the business man does not use the term with the same meaning as the 
economist. To the business man, the term means the creation of form utilities, while 
to the economist, the term includes also the creation of time and place utilities, 

458 
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Another step in approaching the problem is to break up the major 
problem into its several component parts. The solution of these minor 
units is much more simple than the solution of the problem as a whole. 
The importance of this procedure will be readily appreciated in the dis- 
cussion which follows, especially in connection with production control 
and motion studies. 

After the problem has been separated into its parts, the factors enter- 
ing into the solution of each part should be listed and arranged in a 
logical order. Sometimes these factors can be weighted in accordance 
with their relative importance. The advantage of having the problem 
laid out in this way is obvious. 

Finally, the investigator should take a fresh point of view. And the 
business man should make a conscious effort to take a fresh point of view 
from time to time throughout the investigation. The value of this open- 
mindedness is readily appreciated when it is realized how easily bias and 
prejudice creep into an investigation, and how greatly business is ham- 
pered by tradition.^ 

Factory Location. — ^Among the more important factors which should 
be taken into consideration in locating a plant arc; access to markets, 
sources of material, transportation and storage facilities, supplies of 
labor, supplies of capital, site land conditions, climatic conditions, facili- 
ties for repairs, and such indirect factors as living conditions. Systematic 
study of these factors shoidd provide a basis for locating most factories 
in such a way that they will have a distinct advantage over industries 
which are not well located. Most factories, however, have not been 
located in this way, and probably most industries are still located on 
the basis of convenience jnd sentiment. This is usually the ba^sis of 
selection when a man starts an industry in his home town. 

Suggestions for analyzing markets from the point of view of both 
selling and buying will be given in a later chapter on market analysis, 
and site land problems will be discussed in a later chapter on real estate. 
The other factors in determining plant location will be discussed indirectly 
from time to time. 

The uses of statistics in manufacturing will now be considered from 
the point of view of an operating factory. 

Production Control. — Production control (in manufacturing) may 
be defined as ‘'that system which, extending over a long period of time, 
controls the order of movement of the elements of a productive program 
in relation to each other and to the whole.''* The more numerous the 

^See A. W. Shaw, ''An Approach to Business Problems,” pp. 13-24, Harvard 
University Press, Cambridge, 1916. 

* Babcock, George D., in "Management’s Handbook,” p. 599, edited by L. T. 
Alford, The Ronald Press Company, New York, 1924. 
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elements involved, the greater will be the difficulty in systematizing and 
controlling them, and the greater will be the value of statistical aids. 

The greatest precision of operation is obtained by accurately plan- 
ning in advance every operation and every movement necessary to the 
manufacture of the final product. This involves a specific knowledge 
of: (1) kind and quantity of material required; (2) time required to 
obtain raw material; (3) methods of performing required manufacturing 
operations; (4) productive capacity of equipment; (5) time required for 
each operation on the product; and (6) limits of quality necessary to 
manufacture.^ 

While not all of the information required in the preceding list is 
statistical, statistics are necessary throughout the list in order that the 
production manager may plan a logical and definite sequence of opera- 
tions, and so that he can accomplish a definite objective at a definite 
time. 

The Production Schedule. — Products may be manufactured for 
stock or they may be manufactured on customers’ orders. The product 
of a manufacturing plant may fall in both or either of these classes. In 
manufacturing either type of product, a schedule of production is ordi- 
narily essential. The preparation and operation of the production 
schedule is an integral part of the budget system described in Chapter 
XVIII, although it may be used where the budget plan has not been 
adopted. 

In formulating a production schedule, the first step is to make an 
estimate of the probable demands for the product. ^ A sales analysis 
to be used in establishing a production schedule should include an esti- 
mate of the probable demand for as long a period as possible, and in 
most instances this should not be less than three months, while in many 
instances the period should be not less than six months or even a year. 
In addition to this, a sales analysis should show the seasonal, cyclical, 
and other variations. From these data, the manufacturing schedule 
mq,y be determined. Such a production schedule is shown graphically 
in Exhibit 189. 

In Exhibit 189, which was prepared before the beginning of the year, 
curve A represents expected monthly sales for the year. Curve B repre- 
sents the same data as A but expressed as cumulative sales, or sales to 
date, from the beginning of the year. Sales, it will be noted, are subject 
to a heavy seasonal variation. And it would not be economical to have a 
similar seasonal variation in production. However, if the monthly pro- 
duction shown by curve C is carried out, the net monthly inventory will 

' See second footnote, p. 464. • 

* For methods of making market analyses, see Chap. XXI. 
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be as indicated by curve E. This furnishes the necessary margin of 
safety between production and sales, as shown by comparing the cumula- 
tive curves B and D. 

Purchasing and Stock Records. — Before actual manufacturing begins, 
materials must be purchased, received, stored, and issued. In the larger 
concerns, the purchasing department usually is separate from the stores 
department, while in the smaller concerns they may be combined. In 
the present discussion, the two types of work will be considered 
together. 

The purchasing department should have complete records of sources 
of materials together with an accurate description of the services rendered 
and time required for delivery. Definite grades of the quality and 
figures which will indicate the dependability of the sources should be 
included, and sources of supply other than those commonly used should 
also b€^ recorded. Some of the figures may duplicate information else- 
where in the accounting records, biit it is well for the purchasing depart- 
ment to have such information readily available in its own files, especially 
in large organizations. 

The purchasing procedure includes: (1) the receipt of a request for 
purchase from the department for which purchases are to be made; (2) 
the issuing of a purchase order; (3) the recording of the material received; 
(4) the preparation of (a) orders to return materials received and (6) 
debit or credit memoranda to the accounting department to adjust 
invoices for materials returned and for price or quantity errors on these 
invoices; and (5) entries upon the invoice of the account names or num- 
bers to be charged, and other information which will assist in obtaining 
authorization for payment. Where the duties of the stores department 
are performed by the purchasing department, this department will also 
maintain the stock records, and will control the physical location and the 
issuing of materials. 

Each part of the mechanism involved in purchasing, storing, and 
is^ing materials requires carefully prepared forms, upon which a com- 
plete record of the procedure should be made. The ‘‘request for pur- 
chase form (also called “purchase requisition lor example, should 
show the quantity, description, grade, and price of the articles desired, 
the data for delivery, the firm from which the articles may be obtained, 
and the signature of the department foreman and plant superintendent. 
It is to be noted that many purchases will be made which will not originate 
with the department that will use the materials, because certain standard 
materials are maintained in stock for recurring requirements. For 
such materials, the “request for purchase'' will come directly from the 
stores department when the quantity on hand has been reduced to a 
minimum or “margin of safety” points 
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Forms of purchase orders, of records of materials received, of debit 
and credit memoranda, of return shipment orders, of invoice author- 
ization, and of distribution stamps will not be described in this discussion. 
The nature of the information required is suggested in the name of each 
form. The stock records to be maintained in the stores department, or 
in the stores section of the purchasing department, will now be considered. 

‘'Stock'' records (also termed “stores" records, “balance of stores" 
records, etc.) are maintained to show the exact situation as regards 
materials on hand, received into stock, ordered but not received, issued 
upon material requisitions, and apportioned for manufacturing require- 
ments but not yet issued. Information that will assist the purchasing 
department in connection with ordering materials may also be included 
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Exhibit 190. — Stock record sheet, (from Jordan and Harris, ''Cost AccourUing”) 


in the stores records. In Exhibit 190, a stock record sheet is illustrated 
upon which there can be recorded all of the information suggested above. 
The forms used in different manufacturing companies vary greatly ^in 
arrangement and appearance, and the number of forms used to record the 
essential information also is not uniform. The illustration presented 
here provides in one place a large portion of the information needed in 
purchasing for stock requirements and for the control of stock. 

. At the top of the stock record sheet, shown in Exhibit 190, space is 
provided to state for the particular item of material such facts for the 
purchasing department as: (1) the principal source of supply; (2) the 
time required to get delivery; (3) the specifications of size, ingredients, 
etc. ; (4) the usiial monthly requirements, or budgeted requirements, of the 
manufacturing plant; and (5) the maximum and minimum quantities 
set for normal stock conditions. To control the location of the physical 
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stock, the position of the materials in the storeroom is entered on the 
form. Six groups of columns are provided on the form illustrated in 
Exhibit 190. As requirements are ascertained from the production plan- 
ning department, the quantities are noted in the first group of columns. 
Quantities appropriated from stock on hand for the known requirements 
are entered in the second series of columns. From the purchase orders 
issued, the quantities that have been ordered are entered in the “Ordered 
columns. When the goods are received, the quantities, prices, and 
amounts from the invoices are entered in the columns headed “Received.^' 
Likewise, when the material requisitions are filled, the quantities, unit 
prices, and total amounts or values are entered in the “ Issued “ columns. 
At the same time that these issues are entered, the quantities are deducted 
from the “ Appropriated columns, as it is no longer necessary to reserve 
stock ordered or on hand for these requisitions. 

In order to determine the material on hand at any date, the quantities 
in the “ Received ” column arc totalled, and those in the “ Issued ’’ column 
are also totalled. Periodically (monthly, quarterly, etc.) these columns 
are closed by ruling, and the balance on hand is brought down below the 
ruling in the “ Received '' column. In valuing the inventory balance 
on hand, the price to be used may not correspond with the price, at which 
the balance on the record is valued. Also, when the materials are 
physically counted, shortages may appear. Therefore, columns are pro- 
vided for adjustments of the amounts (monetary values), which are made 
at the time, the balances are entered. 

Some stock record cards provide columns for the balances, in quanti- 
ties and amounts, that remain on hand after each receipt and issue. The 
use of such forms requires the computation of a balance after each entry. 
However, the form illustrated in Exhibit 190 is usually satisfactory, as 
the balance of material on hand can be quickly determined from the 
running totals, when needed. 

Other record cards that are used in connection with the control and 
issue of materials include the bin tag (used to indicate quantities in 
each bin or stores compartment), the requisition for material that is in 
stock, and the material credit slip (for material returned to stock). The 
nature of each of these records is indicated by its title. 

The purchasing department also needs information on markets and 
market-price conditions in order that it may purchase in the best markets 
at the best prices. Since the work of analyzing market conditions in 
buying materials for manufacturing is the same as that in buying mate- 
rials for resale, the discussion of the technique involved in studying 
market conditions is included in Chapter XXI on Market Analysis. 

Control of Material.— Material control covers the following: checking 
quality in accordance with definite specifications or standards; requisi- 
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tioning and purchasing in accordance with a predetermined manufactur- 
ing program; receipt in stores; issue to the manufacturing department; 
and movement through the plant imtil the finished product is delivered 
to the warehouse or shipping department. 

In the first place, the raw-material requirements must be determined. 
From a study of the product to be made, the total quantity of each class 
of material needed for a unit of the finished product is estimated. This 
quantity, multiplied by the number of units to be made, plus the proper 
allowance for waste or spoilage, determines the minimum quantity of 
materials for which orders should be placed. If the material is of the 
kind that is used continuously, it is customary to keep on hand a minimum 
quantity sufficient to provide for manufacturing requirements while the 
supply is being replenished. Whenever the quantity reaches this mini- 
mum, orders should be placed for additional material. 

The time required to secure raw materials is an important factor in 
production control. The time that must be allowed depends upon such 
factors as distance from source of supply, the competitive condition in 
the market, and whether the materials are kept in stock or have to be 
manufactured on order. The average and maximum lengths of time that 
must be allowed for purchases of materials should be tabulated for the 
use of those who determine when orders should be placed. Exhibit 191 


Numbbr op Working Days to Be Allowed for Rec^psivino Stock after Purchase 

Order Is Placed 


Commodity 

Time from 

Time from mill 

warehouse 

Average 

Maximum 

Black idieet steel 


60 

90 

Cold-finished steel — around 


60 

90 

Cold-finished steel — square 


60 

90 

Drop forfdnffs 

40 

60 

Malleable-iron castings. ! 


4.^ 

60 

Mild-steel plate 

10 


90 

Seamless steel tubing 

10 

45 

60 

Yellow bar brass 

20 

90 

120 



Exhibit 191. — Delivery time table used in production control. 


shows such a tabulation taken from the records of an Illinois manufactur- 
ing concern using various kinds of metal products.^ Such figures, of 
course, should be carefully revised from time to time in accordance with 
the changes in the market situation and other conditions. 

^The table was compiled from a more extensive table in ''Management’s Hand- 
book,” p. 608. 
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Rotttiiig. — EflScient routing of products through a manufacturing 
plant requires the following:^ 

1. Determination of possible methods of manufacture and a selection of the best 
method. 

2. Determination of needs for special equipment. 

3. Determination of capacity of available equipment. 

4. Determination of sequence of operations. 

6. Decision as to speed of operations. 

6. Determination of time required for each operation. 

7. Preparation of route sheets. 

8. Grouping of route sheets into assemblies so that the components of the final 
product will be started in process at such time as will insure their being completed 
together. 

9. Preparation of work orders for carrying the routing details into effect. 

It is obvious that statistical records are necessary in connection with 
the preceding list. The first requirement involves accurate records of 
time, materials, and waste, as well as some definite determination of 
results. The second item requires the same treatment in connection 
with special equipment. The third requires similar records regarding 
available equipment and its capacity. In the fourth, statistics are not, 
ordinarily, so important. In the filfth, accurate records regarding the 
most economical speed are necessary; and in the sixth, detailed records 
must be compiled in order to determine the time required for each opera- 
tion. In the seventh, the value of statistics is largely indirect. The 
eighth item involves the accurate determination of time required in 
process and a careful coordination of the statistics. The ninth is a proc- 
ess of a routine nature in which the importance of statistics depends 
upon the previous items. 

The Gantt Chart. — Up to the present time, the principle of the Gantt 
chart has been applied most extensively to industrial production. There 
are many possibilities of extending its use in this field as well as in 
others. Most of the Gantt charts used at the present time may be 
considered as failing into three general classes: (1) man and machine 
record charts; (2) layout and load charts; and (3) progress charts. The 
man record chart indicates whether or not the worker makes the proper 
use of his time, and if not, it indicates the reason why. The machine 
record chart shows when a machine is not in use and the reason why. 
The purpose of the layout chart is to plan work so as to avoid idleness of 
men and equipment and to get work done in the order of its importance. 
The load chart shows, in hours or days, the amount of work ahead of a 
plant or any part of a plant. Since the executing of a plan is of equal 
importance with the making of that plan, it is the purpose of the progress 

^ List from ** Management’s Handbook,” p. 622. 
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chart to get work done by showing a comparison of the accomplishments 
with the plan and the reason for any failure to live up to that plan. ‘For 
the purpose of illustrating the basic principles of Gantt charts, two layout 
charts (Exhibits 192 and 193) and one machine burden record (Exhibit 
194) will be described briefly.^ 

Exhibit 192 illustrates the form of Gantt chart which is used in sched- 
uling production. The columns represent work days; these are sub- 
divided into convenient fractional parts. To each piece of productive 
equipment two lines are allotted on the chart. When work is scheduled, 
the time at which an operation should start on any particular machine 
is indicated by placing a P mark on the lower line allotted to the machine. 
This mark is made in the column which represents the exact hour at which 
the operation is to start. The time at which each operation is to be 
completed is indicated by a ”| mark. A light line joining the two marks 
at the top indicates that the machine is not available for work during the 
period covered. Order numbers or any other desired information may 
be entered above this connecting line. 

The performance of an operation is shown by drawing a heavy line 
between the bottoms of the two | | marks (Exhibit 192). If the time 

required for the operation is greater than that scheduled, the period of 
excess time is indicated by two intersecting inclined lines under a light 
line, as indicated in the legend of Exhibit 192. If an operation is com- 
pleted in less than the scheduled time, this is shown by entering the next 
operation on the upper line allotted to the particular equipment, and 
if this job is completed ahead of time, the fact would be shown by its 
overlapping the next job, which would be entered on the lower line. 

The machine-shop work layout chart in Exhibit 192 shows how the 
work was laid out in a department equipped with large machine tools on 
which but one job can be done at a time. On the first machine, the 
making of part 11191-CE, according to the schedule, was to have been 
finished Tuesday noon, but it was completed on Monday and Order 
61427 was begun. This job was also completed ahead of the foreman’s 
estimate (11 o’clock Friday) and the third order was begun Thursday 
afternoon. When the chart was copied on Wednesday the 16th, the 
work on this machine was just on schedule. (The check mark at the 
end of the day, Wednesday the 16th, indicates that the chart was repro- 
duced Wednesday night and shows how the work stood at that time.) 

On the second machine on the Gantt chart of Exhibit 192, the work 
was already three days behind schedule, when it was carried over from the 

^ For a detailed description of the making and using of Gantt charts, see Wallace 
Clark, “The Gantt Chart,” The Ronald Press Company, New York, 1922. The 
present discussion of the Gantt chart is abstracted from Mr. Clark’s book. See also 
“Management’s Handbook.” pp. 649-649. 
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Exhibit 193. Gantt layout chart for a foundry. (For explanation of symbols, etc., see Exhibit 192. {From “ The Gantt Chari 

Clark.) 










PRODUCTION AND LABOR STATISTICS 466 

previous sheet. At that time, order X 6842 was scheduled to be begun 
Thursday morning and to be completed Monday afternoon, but it was 
necessary to run in an emergency job, a ring for a motor, which caused 
a four-hour delay (indicated by crossed lines) before Order 16842 could 
be started. When the chart was copied Wednesday night the work on 
this machine was four hours behind schedule. 

On the molding floors in a foundry it is possible to do more than one 
order at a time. Consequently the laying out of work in a foundry 
differs from that for machine tools as discussed in connection with 
Exhibit 192. 

In Exhibit 193, a work layout chart for a foundry is presented. 
According to this chart the first molder (Conden, on floor 57) could put 
up molds for three orders each day. This chart shows that he worked on 
Order 6144 until Wednesday morning when he had to ‘‘break up'' (indi- 
cated by By see legend in Exhibit 192) and start Order 286. He had 
finished this when the factory closed Saturday and on Monday morning 
he began work on Order 341, but was stopped Tuesday morning because 
of lack of help (see //). Then he went back to the first order, 5144, aod 
did a day's work. Conden worked on his second order (5428) through 
the week until Friday morning when he had to break up (S) and begin 
work on Order 5462, on which work was stopped Monday morning 
because of absence of help (i/). After one day's work on his third order, 
5228, he broke up and worked on Order 300 until Thursday night. When 
the Gantt chart was copied on the first of the month (Tuesday), Conden 
was so far behind with the work already scheduled for him that crossed 
lines had to be drawn through the remainder of the week to indicate 
that this amount of time would be required before any further work 
could be assigned to him. 

Machine Burden Records. — In order to schedule work properly in 
a factory, it is necessary to have an exact knowledge of the available 
machine capacity and the. extent to which this capacity is being used. 
Such information is given by a machine burden record. This reco rd 
shows all the equipment in the faetqry and the time requiredior perform- 
i ng each operati on at each machine. 

Forms of machine burden records vary with different classes of manu- 
facturing. Exhibit 194 shows an example of a machine burden record 
where the manufacturing is largely repetitive in character. In using 
this form, a sheet is assigned to each machine iii the factory. As each 
operation sheet is made out, the time required for each operation is 
entered on the burden record. If the total of the time so entered multi- 
plied by the number of units of product scheduled for production each 
day exceeds the total working hours of the day the machine is over- 
burdened, and the situation must be corrected if the production schedule 
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Exhibit 194. — Machine burden record used in connection with scheduling production. 
(From ** MamigeinerU* 8 Handbook,'*) 

is to be followed. . If the time assigned to the machine multiplied by the 
units of product scheduled per day is less than the working hours per 
day, the difference represents the time that can be assigned to other 
work.^ 

^The discussion of Exhibit 194 is abstracted from Management’s Handbook,” 
p. 650. 
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Exhibit 195 shows a form of Gantt chart used as a machine shop 
burden record. On such burden charts, the classes or groups of operators, 
machines, workbenches, or floors are shown in the stub at the left of the 
sheet, and in the next column the niunbers in each group are listed. In 
the. month columns, the light lines show the hours of work which have 



Exhibit 195. — Gantt chart used as a machine-shop load chart or burden record. {From 
“ The Oantt Chart*' by Wallace Clark,) 

been assigned to that group during each month, and the heavy lines 
uu^cate the total hours of work to be done. The letter Z (zero) indicates 
no work ahead during the month in which it appears. The chart “shows 
how far in the future the machine tools will be kept busy by orders in 
the plant when it is drawn up. On the first line, for instance, it is clear 
that the one horizontal boring mill will be busy 80 per cent of the time 
during October, 20 per cent during November, and all of December and 
January.” The information for this chart is secured from the layout 
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charts which show what orders are ahead of each machine; from these it 
is easy to add up the hours of work scheduled for each week or month. 
The Gantt load* chart or burden record shows the manager or superin- 
tendent very clearly which machines are going to be kept busy in the 
near future, which ones are overloaded, and which ones have little or no 
work ahead. ^ 

Dispatching. — number of statistical records are necessary in dis- 
patching. In production, di spatching consists of: assignmen t of work to 
m achines or workmen in accordance with the schedule and according to 
import ance or jprece^iicejj^e procurement of tools, etc.; the initiation 
of i nspection; movement of work from one operat io n to the next ; record- 
in g^of t ime of starting and completing each operation; and keeping records 
of completion of jobs, spoils or defective work, and idle time of workmen 
an d equipment . The forms and apparatus used in dispatching include 
the work order or job ticket, the move order, the instruction card, the 
idle man card, the idle machine record, the route sheet, the work order 
file, dispatch racks, and time-stamps or clocks. Other forms which are 
sometimes valuable are the absence report, the tardy report, the behind- 
schedule tag, and the lot-urgent tag.^ 

The work order is particularly important in dispatching.' This form 
should give the workman the necessary information concerning bis job 
as regards the material and quantity upon which he is to work, the order 
number to which it is to be charged, the name or class of operation, and 
the time that is allowed for the completion of the job. It is desirable to 
have a record on each work order of the time it was issued and the time 
it was returned upon completion of the job. This record serves several 
useful purposes; it furnishes data on an ihdividuars progress; it furnishes 
a basis for the comparison of different workmen; it furnishes a check 
upon the rate-setting department; it indicates the need of inspection of 
workmen's methods; and it may serve as a basis of wage determination.® 

Control of Quality — Working Standards. — It is obvious that if the 
quality of a product is to be definite and uniform, some method of con- 
trolling the quality within certain specified limits is necessary. To state 
a quality at all accxirately it must be compared with some arbitrarily 
selected standard. The determination of whether or not products are 
up to standard is accomplished by what is known as ‘^inspection.” The 
details of inspection vary widely with different products. Some prod- 

^ This discussion of the Gantt load chart is abstracted from Wallace Clark, “The 
Gantt Chart,” pp. 72-74, The Ronald Press Company, New York, 1922. 

* For further details regarding dispatching and dispatching records, see “ Manage- 
ment'a Handbook,” pp. 656-676. 

*For additional information on time-keeping, see “Management’s Handbook.” 
pp. 675-678. 
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ucts c^n be inspected throughout the process of manufacture, while 
others can be inspected only after completion. .Since inspection is 
often a costly process, it is important to determine just how much is 
necessary in order that there will not be a waste due to unnecessary 
inspection. 

In manufacturing some products, it is necessary to use 100 per cent 
inspection,, while in other instances a sample is sufficient. If less than 
100 per cent inspection is sufficient, the method of sampling is employed. 
This involves the assumption that a piece selected at random probably is 
representative of the rest of the lot, or that a portion of a quantity of some 
substance is probably like the remainder. 

Sampling can also be used in checking inspectors by occasionally 
sending the same part to the same inspector twice without notifying 
him. This procedure furnishes a good check upon how carefully the 
inspector is doing his work. 

Operation Study and Rate Setting. — Operation studies are made 
in order that statistical facts may be substituted for guesswork in evaluat- 
ing the work which the eniployer is buying and the employee is selling. 
These studies furnish a basis for raising the task to the highest standard 
that can be maintained satisfactorily. They make possible an accurate 
recording and analysis of the elements of a task, and this provides infor- 
mation which enables the workers to improve their skill. Operation 
studies ordinarily reveal sources of wasted energy and materials, and 
they indicate ways in which methods can be improved and unnecessary 
work eliminated. Thei^ also furn ish a basis for establishing 

wage rates; they help the employer to make schedule of production and 
promises of deUvery which he caiy^ by increasing efficiency, 

they l ower the costs of production. 

Analytical time and motion study is the basis of job standardization. 
When Frederick W. Taylor was confronted with the problem of systematic 
soldiering, he decided to determine what constituted a reasonable day’s 
work. He discarded previous practices, and by breaking this complex 
problem down into its elements, studying these separately, and combining 
results, he developed methods for determining not the maximum work 
that a man could do on a short spurt for a few days, but ‘‘what really 
constituted a full day’s work for a first-class man; the best day’s work 
that a man could properly do, year in and year out, and still thrive 
under.” 1 ^ 

Steps in Job Standardization. — ^Job standardization, or motion and 
time study consists of the following:* 

'Taylor, Frbderick W., “The Principles of Scientific Management,” p. 56, 
Harper & Brothers, New York, 1010. 

* The outline of steps is abstracted from ** Management’s Handbook,” pp. 700-800. 
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Preliminary 

1. Recording and analyzing existing conditions as to methods and equipment to 
, determine whether the best obtainable are being used. 

Time and Motion Study 

2. Breaking down an operation into its smallest motion elements. 

3. Critical study of these elements, eliminating unnecessary delays, and discarding 

useless and inefficient elements. Improving the remaining ones until they 
are the best obtainable. 

4. Putting together these improved elements into the best combination. 

5. Determining allowances for necessary delay and for fatigue.^ 

Rate Setting 

6. Determining the proper wage rate and incentives.^ 

Inetruction and Training 

7. Drawing up detailed instructions covering tools necessary, elemental operations 

involved in detail and in proper sequence with time allowed for each, and 
rate of pay. 

8. Training the workman to perform the task in the manner and the time set 

until habit develops and motions are automatic. 

Control of Conditions 

9. Maintaining requisite working conditions, equipment, and supply of material. 

J Mere statistics as to time which a man takes to do a given piece of 
work do not constitute time study. Time study involves careful study 
of time in which work ought to be done.''^ Though time study usually 
results in a shorter time, it is not a mere speeding-up process. It seeks 
to ^hnrtfiTi the time by_use of improved m ethods and elimina tion of 
wasted energy but n ot by over-s peedin g the wo rke r. A task which 
results in immediate or gradual exhaustion of the worker has been wrongly 
set. Proper job standardization always limits the task to ‘‘that rate 
at which the worker can work indefinitely, year after year, thrive and be 
happy.” 

Methods of Operation Study. — Motion studies of production jobs 
are ordinarily carried on by two methods: (1) the stop-watch method; 
and (2) the micromotion method. The first method is based on stop- 
watch time measurements in the shop. The second method involves 
the use of the motion picture camera, the microchronometer, and other 
special devices. The breaking down of work into its elements is similar 


^ It is often well, to defer Steps 5 and 6 until the new manner and time of per- 
formance have been thoroughly tested. 

. * T4TIjOr, Feedbbick W.,. “The present State of the Art of Industrial Manage- 
miuii,” TranaactionSf American Society of Mechanical Engineers^ 1912. 
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in both methods^ although the study can be worked out in greater detail 
under the micromotion method. 

The stop-watch method, as compared with the micromotion method, 
requires less elaborate equipment and less specialized experience, it is 
easier to use, it creates less disturbance, and it is sufficiently accurate, 
adequate, and reliable for many practical simple motion studies. The 
advantages of the micromotion method over the stop-watch method are 
that it records many more conditions and the records are of more per- 
manent value, the emphasis is placed on the method of performing the 
task, time and motions are recorded automatically and accurately, visual 
records of best practice may be used in teaching, and human judgment 
is reduced to a minimum. 

Stop-watch Time and Motion Studies. — The value of stop-watch 
time and motion studies depends largely upon how thoroughly the govern- 
ing conditions are noted and recorded. The first step in this connection 
is to prepare observation blanks which will adequately cover all require- 
ments. It is imperative that all important items be entered and that 
all studies agree in arrangement, if the results are to be satisfactorily 
compared. Exhibit 196 shows such a blank for a short sewing-machine 
operation. In this instance, the length of the operation is determined by 
the quantity in a ‘^bundle.^’ The observation blank is divided vertically 
so that one side can be used for motions of the left hand and the other 
for those of the right hand. When both hands are used, the entry 
extends across the dividing line. It will be noted in Exhibit 196 that the 
items are divided into three groups. The first one, or ‘‘preparation” 
group (items 1 to 11) includes motion items which occur only once during 
the operation. It is separated from the “machine running cycle” 
(motion items 12 to 26 which occur with each garment). The “comple- 
tion” group (items 27 to 31), also composed of motions which occur only 
once in this operation, is similarly separated. 

In making a time study, the ordinary athletic stop-watch is not suit- 
able, but stop-watches which are specially adapted to time-study work 
are readily obtainable. The athletic stop-watch is divided into tenths 
of a second, while the large dial on a time-study stop-watch is divided 
into one-hundredths of a minute. This decimal division facilitates the 
addition and computation of the readings. 

If the elemental operations occur in a fixed order, it is best to enter 
them on each blank before beginning to record other information. When 
the order cannot be determined, they may be listed at the bottom of the 
form and given letters or other symbols, which can then be used in any 
sequence. 

In making time studies, nothing should be left to the memory of the 
observer. Even those items which appear self-evident should be care- 
fully and accurately recorded^ 
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111 making these studies it is important that an appropriate method 
bf timing be used. The oVer-all timing method, the repetition method, 
the discontinuous method, the continuous method, and the cycle method 
will now be discussed briefly. 

The over-all timing method is not satisfactory as a rule in this work, 
as it does hot permit the studjdng of small divisions of the operation. 


THE BLANK UNDERWEAR CO. No. 1. Plamt 

Motion Study— Observation Sheet 

Opbbatxon — C ollar Seaming Datb — 

OPbbator— W. P. Time — 0:00 to 11:00 A.M. 

Dbpartubmt — ^F inishing Gabmbnt — ^R eg. Light Wdght Union Suit 

Obbbbvbb — C. W. L. Mach. — U nion Special 

No. Left Hand Both 

Hands RzobtHand . 

1. Turn ncht ride up 


2. lift bundle' to lap wit 

8. Untie 

4. Pull out cord 

5. Hold ticket 

0. Hdd ticket 

7. , Open 

8. Hold bag open 

0. Hold bag open 

10. Shirr 

11. Lay bog on table at le 

h necks at left and straighten 
cord 

Hold back garments 

Sign ticket 

Cup ticket 
bag 

Take out collar and lay on table at ri^t 

Take out back pieces and lay on table at right 
up bag 

ft: cord ready for bundle 

12. *.... 

Pick up garment 
p part 

eft front comer ahead 

Pick up one back-piece 

Pick up one collar 

Fold other end over to test marks 

Hold gannent 

nd mark, 6rst mark at seam 

Put in back piece from under side 

Fold back piece 
e to come out even 

Hold garment 

Take it by middle 

13. Open to 

14. Place on machine 1 

15. Hold gannent 

16. Hold gannent. 

17. — ^fint one only — hold end of collar. 

18. Place tx^ar on garment and hold 

19. Fera and guide to aeoo 

20. Hold garment 

^ 21. Bring collar even 

22. Feed and guid 

23. Break thread.... 

24. Lift garment 

25. Fold in the middle 

26. Lay on tabl 

e over cord 

27. Pick up ring end of cord 

28. Hold ling 

20. Hold bundle 

80. Hold ring and cord 

31. Lay bun 

Pick up free end 

Put free end through ring 

Pull cord through ring 

Loop and tie 
die Bride 


Exhibit 196. — Simple motion study observation sheet. {From ** Marwoement^B Hand- 

bookn 

If the data are collected in greater detail than necessary, they can 
always be combined, but if the divisions are not small enough, they 
cannot 'be subdivided without repeating the work. Consequently, 
it is ordinarily better to break down the operations into smaller divisions 
than are later found to be necessary, than it is to have the divisions too 
large. 

In (he- repetition method, each successive step is timed separately, 
starting and stopping the watch fot each observatton. In this method. 
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however, a part of an operation may be missed and the worker may be 
disturbed. This method should be used only when making detailed 
observations of one elemental operation. 

The discontinuous method consists of timing every alternate elemental 
operation in a complete operation, and then timing the remaining ones. 
This method has a serious disadvantage in that the complete actual 
sequence is lost. 

The continuous method as a general rule gives the best results in most 
instances. Under this method, the elements are recorded in sequence 
without stopping the watch. During the period of observation, the time 
as shown on the watch is noted at the instant each elemental operation 
is completed, and this time is recorded opposite the proper symbol on a 
special sheet prepared for the purpose. The continuous method not 
only gives the exact time taken for each elemental operation, but it 
gives the time in the order of performance. Further advantages of this 
method are that it charges up every minute of time to some element, 
and it eliminates any danger of omitting delays. 

In instances when the elemental operations are shorter than .04 
or .05 minute each, it becomes difficult to time them with a stop-watch. 
Noting the transition point, reading the watch, entering the reading, and 
looking back at the operation cannot be done accurately in less than this 
time. It is possible, however, to determine times by taking them in 
groups as in the cycle method.”^ But if it is necessary to make extended 
studies involving close measurements, the micromotion method can 
be used. 

After the data have been enumerated and tabulated, the next step 
is the determination of the base time. Early, industrial analysts were 
content to use the arithmetic average of the observ’^ed times as the base 
time. This average, however, is not reliable when the errors are cumula- 
tive in one direction, and this is often the case as the operations requiring 
longer times are retained. In such instances, the median is untrust- 
worthy for the same reason. The mode is often the most satisfactory 
since it shows the most common occurrences and indicates the prevailing 
times required for the operations. The time which occurs most fre- 
quently (or the time slightly less) is quite widely used as the basis for 
setting the task. A still more satisfactory basis for many purposes, 
however, is minimum time. Maximum times may vary widely, but 
minimum times approach a limit below which they do not fall. It 
should be appreciated, of course, that a single observation below all the 
others may be an error. In many operation studies, it is also desirable 
to throw out large figures if they exceed the adjacent items by as much 


^ For an explanation of the details of the cycle method of stop-watch* timing, see 
'^Managenent’s Handbook, -^ pp. 813 and 818. 
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as 30 per cent. After the unreliable items have been eliminated, a mode, 
or sometimes a minimum , can be determined and used as the base time.^ 


OBSBBVATION 8HBBT A 



WonvAN'k Naim 

AMD OpAUriCATIOIIl. C. K 1411 

PabtaroSim ...MsSHCUndMrBcwk 



BaUbwfliMnvMMtdiflbvMii. (CourliV of a V. Iteitok) 


Exhibit 197. — Time-study observation sheet with data filled in. (JF'rom Management's 

Handbook.") 

In the stop-watch study of Exhibit 197, the watch was not stopped 
until the end of the twentieth cycle. (In this table, the cycles are shown 

^See D. y. Merrick, ''Time Studies as a Basis for Rate Setting,” pp. 13-19, 
McGraw-Hill Book Company, Inc., New York, 1919, for statistical procedure for 
determining a selected minimum. 
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in the captions and the elemental operations are shown as stub items.) 
Readings were entered lightly at the bottom of each space. Later, the 
time periods were computed and entered heavily above their respective 
readings. That is, when the first elemental operation (‘‘get chafer and 
lay on table had been performed, the stop-watch reading of .09 minute 
was recorded in row 2, column 1 (bottom figure). The watch ran con- 
tinuously, however, and when the second elemental operation (“splice 
to extra section of chafer’’) had been completed, the reading .13 minute 
was entered in row 3, column 1, and so on, until the last elemental opera- 
tion (“remove to rack”) was performed and entered (see row 22, column 
1), which completed the entire operation, and the workman was ready to 
begin the second cycle. After the first elemental operation in the second 
cycle was completed, the reading 1.05 was entered (see row 2, column 2) 
and so on. The top figure in each space in the cycle columns represents 
the difference between the reading in that space and the preceding read- 
ing, or, in other words, it represents the time taken by the particular 
elemental operation. In the “Total” and “Average” column, the upper 
figure in each space is the total of the time periods and the lower figure 
is the average time required. Time figures marked ( ) were thrown out as 
worthless. It should be not€|^ that the elemental operations “get sec- 
tion of six beads” and “measure” are intermittent and occur in every 
sixth cycle. Their averages, therefore, are figured on a basis of 3 read- 
ings, while all others are figured on a basis of 20, unless missed by the 
observer. Items missed by the observer are, of course, not included in 
computing the average. The first average, therefore, was based on 16 
items as one was excluded and four were missed. 

After the untrustworthy readings have been discarded, and the aver- 
age time for each elemental operation has been determined, this average 
is divided by the lowest time accepted, giving the ratio of deviation. If, 
for instance, the average is .113 minute and the lowest accepted time is 
.09 minute, the ratio 1.25 will show how far the average time of the worker 
exceeds his best time (see row 2 in Exhibit 197). A similar ratio is 
found for all other elemental operations and these ratios are averaged. 
(Although care should be used in averaging ratios, the method is ordina- 
rily satisfactory for this purpose.) The average ratio (1.26, sec last figure 
in last row. Exhibit 197) may be considered as the worker’s characteristic 
for that study. The actual minimum and the actual average may be 
compared in the light of this characteristic in selecting the base time. 
Minima derived in this way and used in place of observed minima, are 
called “selected minima.” Selected minima usually differ but little from 
observed times. Since the average ratio of deviation is a dependable 
characteristic, a high or low figure will always be significant to the experi- 
enced analyst. Exhibit 198 is an instruction card made up from EsAibit 
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197. This card gives the time allowed for each elemental operation in 
the task, and when work cannot be performed within the limits set, the 
supervisor must help the workman solve his diflBiculties if possible. 

“C” INSTRUCTION CARD 20 


Namb or Past 

AND Szm 90 z 8H Clinoher Beads 


Number and Name 
or Operation 


B C-1 Building 
Machine No. Cast Iron Hand Revolved Forming 


Sheets, Sheet No. 

Time per one Piece 1.20 minutes 
Wheel 


Items Detailed Instructzoi 


Prep. 

3H" 

1. Weighing 0.36 X 1/18 

BEAD COVER: 

2. Qet cover and lay on table 

3. Splice to extra section 

4. ^6t on '‘V" forming wheel & run on 

5. Cut & Splice 

6. Adjust into “V’» 

7. Qet section of 6 bead stock ds place on table 

8. Measure it cut to length 

BEAD: 

9. Pick up bead, spot it run on wheel 

.02 

■ 

BEAD COVER (Cont'd): 

11. Turn cover over bead one side 

12. ** ** ** ** other side 

13. Stitch with flat roller 

14. Remove bead from wheel it hang on rack 

15. RoU up line 0.12 X 1/6 

.02 



D4 


Total Selected Time 

Allowance. 


0.840 

.310 

Working Cycle 

0.04 Prep. X 1.25 



1.15 

.05 

task Time 



1.20 

When Work Cannot BE Done as Shown, 
Report Must at Once be Made to ! 
Man Who Signed This Card. 

Date, 

8-6- 

Signed 

D. V. M. 


Elementart Time 


Exhibit 108. — Instruction card for time study referred to in Exhibit 197. 

agement'a Handbook'") 


{from ""Manr 


There is no fixed rule for determining the number of readings that 
should be taken. Usually from lO to 30 readings will be sufB.cient. 
Uowever, the number depends in part upon the cost of the operation for 
the period, the number of employees engaged, and the amount of uncon- 
Uolled variation presej^;. The more important the^ factors are, the 
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greater is the number of observations that should be taken before a 
standard is set. Usually in such cases the job is studied, then improved, 
and then studied again. Final studies mark the stage for standardization. 

When timing operations where there is a rang6 of sizes of the same 
product, it is usually possible to determine the base times of a few sizes 
at selected and suitable intervals and to determine the intervening sizes 
by interpolation. This can be done by plotting the base times and 
drawing a smoothed curve through the points, which will indicate the 
base times for the intervening sizes. By extrapolation, the principle 
can also be extended to sizes larger than those actually observed, although 
the risk of error is greater. With both interpolation and extrapolation 
there is considerable risk that somewhere within the range of sizes there 
may be an abrupt change in conditions, such as the substitution of cranes 
for labor when handling sizes exceeding a certain weight. It is imperative 
that such changes in conditions be recognized, and studies should be 
made of the sizes just above and just below to determine the discontinuity. 

In the preceding discussion of stop-watch methods, the emphasis 
was placed on selecting the methods of performing elementary motions 
on the basis of the times of performance. It should be appreciated, 
however, that motion study is SSiuch more than this. In fact, it is princi- 
pally concerned with the motion paths by which the work is accomplished, 
considering time as one method of measuring the motion path along with 
the three space dimensions. In making such studies, the real objective 
is to find the right paths and speeds of the motions. If these are right, 
the times will be right also.^ Except in the simplest cases, the making 
of motion studies is greatly facilitated by the use of the micromotion 
method. 

Micromotion Method. — The micromotion method of motion study 
is based on recording motion in relation to a cross-section background 
by mea ns of a m otion picture c ame ra, and recording time on the film by 
having a rapidly moving clock (microchronometer) within the range of 
the camera. This method records performances of the most intricate 
and skillful nature. The studies are usually made in a laboratory where 
conditions as they exist in a shop are duplicated as nearly as possible, 
or in a part of the shop which is set aside for the purpose. The micro- 
motion method includes a number of special devices and practices which 
require a very careful study before they can be used. However, they 
are readily mastered by those who will give them the proper attention. 
It is not the purpose to explain this method in detail in this text, but 
rather to call attention to it as a method of carrying on motion studies 


^See L. M. Qilbreth, “Handbook of Business Administration,” Sec. III. 
Chap. VIII, McGraw-Hill Book Company, Inc., New York, 1931. 
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which are much more complete and in much greater detail than is possible 
in the stop-watch method previously discussed.^ 

One of the most important steps in making a motion study is to break; 
down the operation into small elements which can be considered sepa- 
rately. All operations can be divided into 17 elements of a cycle of 
decisions and motions (occurring in var3ring sequences) as follows: (1) 
search; (2) find; (3) select; (4) grasp; (5) transport, loaded; (6) position; 
(7) assemble; (8) use; (9) “dis-assemble'' or take apart; (10) inspect; 
(11) pre-position for next operation; (12) release load; (13) transport, 
empty; (14) rest (for overcoming fatigue); (16) wait (unavoidable delay); 
(16) wait (avoidable delay); and (17) plan. These elements are called 
^Hherbligs.'^ 

When the micromotion film is ready for analysis, every frame that 
contains data that might be valuable in determining the standard method 
of doing the work is studied, and the data are transferred to a record 
called a ^'simo-chart,’* which is- a record of the motions and time as 
revealed by the film. It is made on standard cross-section paper, the 
therblig data being recorded in colors by means of symbols. A simo- 
chart is prepared from the film of each worker recorded. “When these 
are completed, they are hung side by side so that one can compare the 
therbligs. Every slightest deviation in the therblig and in the time of 
the therblig is noted, and a tentative standard method is built up by 
synthesizing the best therbligs from all the charts. It is very seldom 
the case that the derived method lies in the consecutive motion cycles 
of any one worker. Usually the synthesis consists of a therblig from 
one chart, then one from another, or a complete motion cycle may be 
used, if it is that of an especially efficient worker. The completed chart 
contains the best practice of each of the group of workers studied, com- 
bined into a work method.^^^ 

Additional motion factors not covered in the above method may be 
studied by means of the cyclograph. With this method, small electric 
lights are attached to the worker’s fingers, elbows, head, etc., as may be 
desired, the wires which furnish the current being fastened to the clothing 
in such a way that they will not interfere with the worker’s motions. 
When an ordinary photographic plate or film is exposed for a short time, 
the path of each motion of the cycle of work will appear on it as a streak 
of light. If a stereoscopic camera is used, the record is made in three 

1 For details on the micromotion method, see ** Management’s Handbook,” pp. 
868-873; Frank B. and L. M. Gilbreth, “Applied Motion Study,” Sturgis and Walton 
Company, 1917; and “Handbook of Busina Administration,” Sec. Ill, Chap. VIII, 
McGraw-Hill Book Company, Inc., New York, 1931. 

^Gilbbbth, L. M., “Handbook of Business Administration,” Sec. Ill, Chap. 
VIII, McGraw-Hill Book Company, Inc., New York, 1931. • 
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dimensions. If an interrupter is placed in the light circuit which flashes 
lights on and off at a uniform rate per second, the photograph will then 
show a series of dashes instead of a continuous line. Then, by counting 
these dashes, the time of a motion or part of a motion can be determined 
very accurately. It is also possible to control the operation of the lights 
so that the direction of the motion is indicated, and so that the different 
motion paths are differentiated. These records, therefore, may be made 
to show the paths of the motion, the time, the direction, the speed, and, 
if several moving parts are to be recorded, the relative speed. 

The objective of motion study has not been achieved until the best 
worker has been taught the motions of the standard method, and is able 
to do the work by the prescribed method in the prescribed time. After 
the method has been checked in this manner, the data are turned over 
to those in charge of training and task and rate setting, to be incorporated 
in the standards which are to be taught and used. 

Motion study is confined to determining the best methods by which 
the work can be done, and teaching the method. It does not determine 
certain allowances that must be made and added to the observed time 
for the best interests of all concerned. 

Allowances. — In determinii% the standard task, certain allowances 
must be added to the observed times. The difference between the 
rate at which a man can work for short times and the rate that he can 
maintain for a long period is often greater than realized. The average 
daily production of a good worker may be 50 per cent less than that 
which would result from maintaining his highest rates. This variation 
is even greater for poor workers. The stand^d task must be such that 
the worker can maintain it indefinitely without injury to health. Allow- 
ances have been standardized under five heads: fatigue, variation in 
rhythm, unavoidable delays, personal delays, and machine delays. 
Allowance curves for fatigue and variation have been plotted for cycles 
of short duration.^ Exhibit 199 gives 10 such allowance curves varying 
from 10 per cent handling time and 90 per cent machine to 100 per cent 


' Allowances have been standardized and allowance curves have been plotted by 
D. V. Merrick on the basis of thousands of tests, which were made largely in the metal 
trades but which are applicable to many others. The general formula derived by 
Barth from such scries of curves is: 


P * 20 + 


49.5 - 0.325C 
''0.376 - 0.0000216C* -f- T 


In this formula P is percentage allowances, C is percentage of handling time, and T 
is the minimum selected time for the cycle in minutes. (See D. V. Merrick, '^Time 
Studies as a Basis for Rate Setting,” pp. 53-65, McGraw-Hill Book Company, Inc., 
New York, 1919.) 
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handling time and no machine for the cycle on which the allowance is 
to be made. Abscissas of the larger chart cover time periods of from 
0 to 20 minutes. The curves on the smaller chart have abscissas up to 



2 minutes, and are useful for short time cycles. According to the general 
form^, the ^owance time is never less than 20 per cent. The percent- 
agfi allowance is based upon the total of the handling time. If, for 
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instance, a job requires 2 minutes machine time and 2 minutes handling 
time, the 50 per cent curve is used, and the intersection of the 2-minute 
ordinate with the curve (see Exhibit 199) determines the allowance 
percentage (42 per cent) to be added to the selected handling time in 
making up the task time. If there is no machine time, the curve repre- 
senting 100 per cent handling time is used. 

Delays should be classified as avoidable and unavoidable. The 
former should be eliminated and the latter should be provided for by 
percentage allowance in setting the task. An allowance of 26 per cent 
of preparation time is sometimes used. Good judgment must be used 
in applying these allowances as they are often but a very small proportion 
of the time for the whole job, and sometimes they are of but little prac- 
tical value, excepting for the fact that including these allowances may 
have a desirable effect upon the worker. 

Allowance must also be made for such personal needs as rest and 
washing up. In some instances, such as intensive automatic work, time 
studies extending over relatively long periods must be made in order to 
determine a reasonable allowance. Delay and fatigue allowances should 
ordinarily be kept separate, although allowances for necessities of life are 
commonly combined with thos^ for fatigue. Allowances for necessities 
of life which should be added to observed time should range from about 
2.5 per cent under easy conditions to about 33^ per cent under severe 
conditions, such as work in the sun or in an overheated room. The allow- 
ance for fatigue is even more variable and the addition to observed time 
ranges from 5 to 100 per cent. 

The allowance for machine delays varies according to the type of 
machine. For operation on ordinary machines like printing presses or 
machine tools the allowance will ordinarily vary from 5 to 26 per cent. 

In many instances, hand and machine work may be simultaneous 
and not separate. It is not safe in such instances to use allowance curves 
derived from other industries without a careful check. ^ 

Wage Rates. — The influences which operate to change the labor cost 
of production are often more intangible than many of the other conditions 
subjected to analysis. Conditions under which men work vary widely 
from place to place, from plant to plant, and from one type of work to 
another. It has been noted that workmen work at different speeds in 
different seasons of the year and at different periods in the business cycle. 
Furthermore, a rate suited to one nationality will not be suited to another. 
The situation relative to the labor supply, conditions in the plant, atti- 
tudes of labor unions, and the like, all have important effects in setting 

^ For further details on allowances, see “Management’s Handbook,” pp. 820-829, 
and D. V. Merrick. “Time Studies as a Basis for Rate Setting,” pp. 16-19 and 49-76, 
McGraw-Hill Book Company, Inc., New York, 1919. 
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the day's work and the wage rate. T o be e ffective, a standard 
must be reasonable, capable of attainment, consistent with the work, 
and should be guaranteed as long as methods and m anu facturing c ondi- 
tions continue unchanged. ^ 

THwe^are^ma^ wage plans in use at the present time. Usually 
several of the best for any particular case must be carefully studied before 
one can be selected. It may even be advisable to combine part of one 
plan with part of another. Through the use of various computations 
and graphic methods, it is possible to examine a plan and determine 
what may be expected from it before it is put into operation. It is 
impossible, however, as a practical matter, to present a complete descrip- 
tion of methods of analyzing wage plans within the limits of the present 
general text. It should be clearly understood, therefore, in connection 
with the discussion which follows, that such is not the object, but rather 
that the purpose is to indicate the possibilities of making definite analyses 
of different wage plans. With this purpose in mind, six well-known wage 
plans will be analyzed briefly.^ 

Wage Payment Plans. ^ — The effectiveness of wage plans varies 
widely with the special conditions under which they operate. It is a 
general principle, however, in determining a wage payment plan, that 
ordinarily it should include an incentive for increasing the value of an 
employee's service, and that this gain should be shared by the employee 
and the employer. In other words, the employee should realize more 
than he otherwise would, and the employer should realize a substantial 
gain due to the increase in productiveness of the worker. Often it is 
desirable to provide an incentive to improve quality as well as quantity. 

Time or day rate is commonest and simplest of all methods of wage 
payment. By itself it has no relation to the task, as it offers the work- 
man a given sum for a fixed period of his time. The rate is ordinarily 
quoted as a certain amount per hour, per day, or per week. The limits 
of a given rate are as follows: The lower limit is the point in efliciency 
which brings discharge, and the upper limit is the degree of excellence 
which ordinarily wins promotion. Within these limits, earnings remain 
constant as shown by the ‘‘wages earned" curve in Part A, Exhibit 200. 

^ In discussing the six selected wage plans it is convenient to assume a definite 
financial distribution for purposes of illustration. This assumed distribution of 
material, labor, and overhead, with the range of variability, is described on p. 925 
of Management’s Handbook.” Formulas for computing earnings for these and 
other plans are also given and described on pp. 024-955, inclusive, of this handbook. 

* This discussion of day rate, straight piece rate, Halsey premium, Barth premium, 
Taylor differential piece rate, and Gantt task and bonus wage plans, with the accom- 
panying illustrative data, is abstracted from pp. 925-941 of ” Management’s Hand- 
book.” For more detailed discussions of these plans , and for information on othor 
well-known plans, see ’'Management’s Handbook,” pp. 009-974. 
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COMPARISON OF SIX WAGE PAYMENT PLANS 

(ON BASIS or ASSUMED FINANCIAL 
DISTRIBUTION. MAN-DAY BASIS) 


I 


A.-TIME OR DAY RATE 



B.-STRAI6HT PIECE RATE PLAN 



C.- HALSEY PREMIUM PLAN 



D.-BARTH PREMIUM PLAN 



E.-TAYLOR DirrERENTIAL PIECE RATE 



r- GANTT TASK AND BONUS 



Exhibit 200. — Six well-known wage plans compared. Usually several of the 
should be carefully analysed for a particular plant before any one is selected. 
from ‘ ‘ ManagemerU** HarMook. * ’) 


best plans 
{Adapted 
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Within these limits, the day rate pays exclusively for the workman’s 
time, taking no account of quantity or quality of work done. So long 
as the workman remains safely within these limits he is in a passive state, 
and consequently this method of time payment may permit the grossest 
kinds of ineflSciency. From numerous experiences it has been discovered 
that the average day worker takes about twice as long to do his work as 
is really necessary without overexertion. 

There are several statistical measures which can be used in connecting 
the time wage with the task. The time which elapses on a good job 
can be recorded carefully and checked up together with the conditions of 
performance. The production records can be kept and followed by 
individuals and foremen. If these two steps are taken, and if adjustments 
in the rate are made according to performances, the time plan can be 
fully as successful as many of the more complex wage plans. While it 
is therefore highly undesirable by itself, it can be very successful when 
properly supported. Cost per piece is high at lower productions and 
apparently low at higher productions (see ‘‘labor cost per piece” curve 
in Part Exhibit 200) but as a matter of fact higher productions are 
seldom obtainable under this system, so that the total cost per piece 
should be considered high (compare “total cost per piece” curve in Part 
Aj Exhibit 200 with the corresponding curves on the other graphs on this 
exhibit). That is, this is true unless the measures just mentioned are 
sufficiently successful to obtain higher efficiency. 

The straight piece-^raie plan is that method of payment where the 
worker is paid a constant rate per unit produced. Hece rates for many 
purposes are sounder in principle than day rates, but they may be very* 
inefficient and unsatisfactory unless the rate is carefully set. Under the 
piece-rate plan, the worker’s earnings depend upon his own effort. The 
piece rate is discouraging to a beginner, but it furnishes an opportunity 
for the ambitious and capable worker to raise himself to high earnings 
per day if the rate is properly determined. Under the piece-rate system, 
the employee takes all of the gains or losses from his own labor. As in 
time work, it is necessary to eliminate the poor workers after giving them 
a chance, and it is also necessary to limit the overambitious workers to 
a rate that is consistent with good health. It is obvious that the piece 
rate would not be satisfactory when workers have to change frequently 
from one job to another. A survey of factories employing about 250,000 
workers showed that 75 per cent of the plants used the straight piece- 
rate plan in paying about 40 per cent of their employees. A large pro- 
poiition of these plants paid from 60 to 85 per cent of their employees on 
a piece basis. ^ Cost per piece is constant so far as direct labor is con- 


. ^ Data from/* Management's Handbook,” p. 928. 
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cemed (see ‘'labor cost per piece” curve in Part Exhibit 200), and 
a total cost is more nearly constant than for any other plan (compare 
total cost per piece curves). Exhibit 200 also shows the straight line 
for wages earned which always points to origin. 

One of the earliest of the modern plans is the one known as the Halsey 
premium or gain-sharing plan. Under this plan, the time wage is guaran- 
teed to the workman, and he is allowed to choose whether or not he 
should be paid the premium. A standard task time is determined on the 
basis of previous experience rather than by modern job standardization. 
The amount of time the workman can save relative to this task multiplied 
by his hourly rate is divided between the employee and the employee, the 
latter receiving from 25 to 50 per cent according to agreement. Because 
of the guaranteed rate and the right to choose, this plan is easy to intro- 
duce. It calls attention to the value of the time saved, which has an 
excellent effect upon the workman. Since the task is derived from the 
best practice without time and motion study, it is usually much lower 
than it is when determined by scientific methods. Exhibit 200, Part 
C, shows the operation of the Halsey premium plan. It will be noted 
that after work is brought up^o task, the cost per piece decreases as 
higher productions are reached. The cost per piece is high, however, 
for the lower rates of production because of the guaranteed time 
wage. 

The Barth premium plan was designed to substitute the geometric 
mean for the arithmetic mean used in the Halsey plan — that is, instead 
of half the sum of the standard time and the actual time, the square 
root of the product of these values is used. The resulting curve rises 
rapidly during low productions and approaches a straight line having a 
lesser slope than the Halsey plan. In this way, it avoids the guaranteed 
day wage and yet gives a higher earning for relatively low production 
than the straight piece-rate plan (see Parts B, C, and D, Exhibit 200). 
This feature makes it exceptionally appropriate for beginners. Costs 
fall off rapidly for high productions (see Part D, Exhibit 200). As a 
whole, however, costs are hi^er than under ordinary piece rates (com- 
pare total cost curves in Parts B and D). 

The Taylor differential piece-rate plan was developed by F. W. Taylor 
in 1884. Taylor had found that low wages did not necessarily mean low 
cost. He believed that to secure lower costs, higher wages were neces- 
sary, and he was the first to point out the necessity of a scientifically 
derived task for a day's work. He believed also that low producers 
should be penalized and that high producers should be rewarded gener- 
ously. Two differential piece rates, one high and one low, resulted from 
his experiences. He put the step from the low to the high rate at the task 
point, and he insisted that this step be of an appreciable amount. No 
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other wage plan has offered so strong an incentive to the ambitious and 
skillful worker. The operation of the Taylor differential piece-rate 
plan is shown graphically in Part E, Exhibit 200. Under this plan, 
the employees push the management to keep everything in perfect condi- 
tion, and the management recognizes this obligation to comply, in order 
not to make the worker suffer for matters outside his control. This 
plan, however, has been difficult to use in certain instances because the 
low piece rates seem to penalize the workers too severely. 

The Taylor differential piece-work plan like the straight piece-work 
plan gives direct labor costs which are constant, excepting for a step at 
task (see Part E, Exhibit 200). The total cost per piece when plotted 
shows the gradual slope curve characteristic of the piece rate, but on 
account of the change in the rate, there is a step at task which makes the 
cost much greater at 100 per cent production than at 99 per cent produc- 
tion. This, of course, refers to the individual case. When the whole 
shop is considered, as it must be in judging the merit of any plan, it will 
be seen that the cost due to those working above 100 per cent efficiency 
will be merged with the cost due to those working below 100 per cent 
efficiency. In other words, when the average production of the shop is 99 
per cent standard, there will be some individual performances above 100 
per cent; and again when the average production for the shop is 101 per 
cent, some of the cost will be due to those producing below 99 per cent 
efficiency. In changing from the 99 per cent average of one day to the 
100 per cent efiSciency of the succeeding day, there will be no step or pro- 
nounced increase in the total cost per piece. (These individual and total 
cost curves are presented in Exhibit 200, Part E.) 

The Gantt task and bonus plan was devised to utilize the strong incen- 
tive of the Taylor differential plan and to eliminate the drastic effect of 
the low piece rate from low production. The high task standard is set 
by time study, and time wages are guaranteed until this amount of 
production is accomplished. At the point of task performance, a step in 
wages is made which puts the emphasis upon the amount of work desired. 
This step may be made anywhere from 20 to 50 per cent of standard 
time. • When Gantt first tried out this plan he used the step of 36 per cent 
of standard time, and in addition gave only time wages for performances 
above the task. The plan has three outstanding merits. It avoids a 
low wage for those who fail to make the task, it puts a high incentive at 
task desired, and it gives full earnings saved for all performances above 
task. ' Gantt offset the disadvantages that might arise from a time 
guaranty by encouraging records of production by individuals. These 
individual records may be shown to the workers themselves, and will 
often add as much stimulus as a financial incentive. Direct labor cost 
per piece combines the figures given for time wage up to task and those 
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given for piece work beyond task. The total cost per piece is, therefore, 
high for low production, but quite low for higher production. The 
operation of the Gantt task and bonus plan is shown graphically by 
Exhibit 200, Part F. 

Selection of a Wage Plan. — From the preceding discussion of a few 
of the well-known wage plans, it will be appreciated that the selection of 
the best wage plan for a particular plant can be facilitated by systematic 
statistical and mathematical studies. Before selecting any one of the 
many wage plans that may be under consideration, an estimate can be 
made of the probable effects of the various plans. Some plans will be 
obviously unsatisfactory and can be eliminated at the start. If, for 
instance, the labor situation and the nature of the work are such that a 
day guaranty is essential, the regular piece-rate plan can be eliminated 
at the outset. If the plan already in use is proving satisfactory, it should 
not, of course, be changed unless there is some distinct reason for doing 
so. 

In selecting a wage plan, it often happens that actual experience data 
cannot be obtained, and when they can be obtained they seldom fit other 
cases exactly. Consequently, the final decision as to what plan is best 
will always depend upon good judgment. The final test of a plan is 
twofold: (1) How will it affect wages and relations between the employer 
and the employee? (2) How will it affect total produ(*tion and total 
cost? It is impossible to answer these questions completely in advance, 
but one should make an earnest attenipt to get a good answer based upon 
reliable statistics. 

Incentives for Piece-rate Beginners. — Since a piece rate is discourag- 
ing to a beginner and a day guaranty is lacking in incentive, it is often 
desirable to pay apprentices according to a wage plan based upon length 
of employment and rate of improvement. Under this plan, a beginner 
may be put at once on piece work and during the period of training he 
receives, in addition, auxiliary amounts which decrease over the period 
from nearly a full wage to zero in arbitrary amounts or according to the 
more preferable auxiliary percentages. If, for example, a certain job can 
ordinarily be learned in six weeks, and a beginner can do a third of the 
normal week's task during the first week, the wages for that week might 
be piece work plus 200 per cent of piece work (which is equal to 300 per 
cent of piece work). If he can do one-half of the required amount the 
second week, the auxiliary percentage would be 100 per cent and so on, 
until the seventh week when he should be up to the standard rate of 
production and would receive only the piece-rafce wages. 

In working out plans for remunerating new employees, it is often 
assumed that a steady increase in their efficiency should be expected. It 
has been found, however, that this rate is not constant. One investi- 
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gator, ^ after analyzing thousands of cases, has formulated the curve 
presented in Exhibit 201, which shows the average reaction of new workers 
to a task with which they are unfamiliar. In his analysis he states the 
belief that when the average worker has covered about one-half the 



EbcHiBiT 201. — Apprentice record, and progrees curve. (jP'rom ** Marumement^t SLanA- 

book,*') 

normal training period, there must be expected a period of time, depend- 
upon the nature of work, lyhere progress or increase in skill practically 
ceiases. Then, after a short while, the worker rapidly attains a b^ance 
of average proficiency. Especially in plants employing female labor, the 
loss of operatives before they have become fairly efficient worked is a 


1 Carle M. Bigetow. 
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serious problem largely due to the fact that remuneration .is based upon a 
required constant increase in proficiency which is practically impossible 
for the average worker to maintain. ^ Accordingly, the plan of Exhibit 
201 remunerates apprentices upon a basis which will enable them to 
receive a constantly increasing wage during the time of apprenticeship 
based upon a rational demand of average performance. 

Labor Turnover. — It is often desirable that the management should 
have data which will indicate changes in the rate at which employees 
separate from the particular establishment. In most plants, hiring and 
training new workmen are costly and efforts should be made to make 
conditions such that this replacing of workers is reduced as much as is 
practical, and so that the concern may be said to have a low 'Mabor 
turnover.” 

Labor turnover is the ratio of separation s — or of jeplaceinents — 
to the total number of employees.” There are wide variations, however, 
in the methods of computing this ratio. One widely used method is to 
divide the total number of separations, for the period under consideration, 
by the average number of employees on the pay roll during the same 
period. Thus, if in a year there are 1,000 terminations of employment, 
out of an average working force of 2,000, the labor turnover is represented 
by the following formula: 


T (turnover) == 


S (separations) 

F (average working force) 


or 

• ^ cent. 2 

When using turnover figures, it is always important to have other 
statistics which will assist in their interpretation. For instance, one 
should have such information as whether changes are permanent or 
temporary, or whether men were laid off because of lack of work, or 
whether they quit or were discharged because of grievances. Many 
concerns compute labor turnover by groups, according to causes of 
separation; others make distinction between preventable and unpre- 
ventable turnover; and others record turnover separately for old and new 
employees, for men and women, for skilled and unskilled labor, and for 
other significant classifications. 

Since methods of computing turnover are not uniform, care must be 
used in any attempt to compare turnover figures of different concerns. 
However, this does not detract from the value of analyzing turnover 

^ “ Management’s Handbook,” p. 962. 

*See Gordon S. Watkins, “Labor Management,” pp. 260-270, McGraw-Hill 
Book Company, Inc., New York, 1928. 
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statistics in connection with efforts to minimize the loss of desirable 
workers in an individual establishment.^ 

Attendance and Absenteeism. — Regularity and punctuality of attend- 
ance constitute a necessary factor in careful planning of manufacturing 
operations. To secure this regularity and punctuality, however, requires 
careful study and management. Some companies keep detailed records 
of absenteeism and make analyses based on percentages and other mathe- 
matical methods which resemble those used in computing labor turnover. ^ 

Accident Statistics. — Management, in connection with its ^orts 
to increase the safety of workmen, may profitably spend much time in 
analyzing such statistics as those showing frequency of accidents, their 
severity, or times of occurrence — all by classes of workmen. Based on 
such studies, safety activities may be emphasized where there is the 
greatest need. For instance, if it is found that most accidents are among 
new employees, it may be possible to increase the effectiveness of their 
training in this respect. If most accidents occur late in the day, it may 
be possible to make workmen conscious of the tendency so that they 
will be on their guard, or it may be an indication that hours are too long, 
or that heating or ventilation is insufficient. 

Current Wage and Cost-of-living Data. — As has been pointed out 
previously, management must carefully watch changes in the cost of 
living, and changes in the current rates of wages paid in other concerns 
and industries from which the different classes of workers are ordinarily 
drawn or to which they go upon separation, if it is to set its own wage 
rates justly and intelligently. One of the most important sources of 
statistical information for use in this connection is the Bureau of Labor 
Statistics of the United States Department of Labor. The bureau pub- 
lishes statistical bulletins on wholesale prices otail prices and cost of 
living, wages and hours of labor, employment and unemployment, women 
in industry, workmen’s insurance and compensation, industrial accidents, 
productivity of labor, industrial labor conditions, and other subjects of 
interest in connection with labor problems. In July 1915, the publica- 
tion of what is now the Monthly Labor Review was begun. The special 
purpose of the Monthly Labor Review is to make available, regularly and 
promptly, information concerning various phases of the labor question, 
both in this country and abroad, which is not available in collective form 
through any other source.* 

^ See Management’s Handbook,” p. 1471. 

* See Gordon S. Watkins, “Labor Management,” pp. 270-271, McGraw-Hill Book 
Company, Jnc., New York, 1928. 

* The reports and bulletins of the Bureau of Labor Statistics are furnished gratis 
as long as the bureau has a supply available. The subscription rate to the MotUhly 
Labor Review is $1.50 per year. 
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If adequate cost-of-living data cannot be secured from the usual pub- 
lished sources, it may be necessary to make special investigations to deter- 
mine the situation. Large companies often carry on these investigations 
locally, and small companies can do the same on a cooperative basis. 

Questions and Problems 

1 . Discuss the steps necessary in approaching a statistical problem. 

2 . In considering the location of a factory, data upon what factors should be 
collected? 

8 . What operations should be planned definitely to secure effective production 
control? 

4 . Upon what data is the production schedule based? 

6. Discuss the records of the purchasing and stores departments used in con- 
trolling purchases and materials on hand. 

6. What factors must be studied for the control of raw materials? 

7 . In routing products through a manufacturing plant, what are the requirements? 

8 . What is the purpose and nature of the Gantt chart for scheduling production? 

8 . What is the purpose of machine burden records? 

10 . Discuss ‘dispatching.*' 

11 . How is the “work order" record used in dispatching? 

12 . How can quality be controlled in relation to working standards? 

13 . Discuss the Importance of sampling in inspection. 

14 . What is the purpose of time and motion study? 

16 . What are the principal steps in job standardization? 

16 . Describe the stop-watch method of operation study. 

17 . What is the micromotion method of operation study? 

18 . How should one proceed in establishing the “base" time for an operation? 
How many time readings are necessary? 

19 . What allowances require additions to observed time, and how are allowances 
determined? 

20 . How can wage rates be compared? 

21 . Discuss the relative merits of the time or day-rate and the straight piece-rate 
wage plans. 

22 . What is the Halsey wage plan? The Barth premium plan? 

23 . What are the characteristics of the Taylor differential piece-rate plan? What 
arc those of the Gantt task and bonus plan? 

24 . What is the final test of a wage plan? 

26 . How may incentives for beginners be provided? 

26 . What is “labor turnover"? How is it computed? What important uses of 
such data arc made? 

27 . How may attendance and accident statistics be used in industry? 

28 . Discuss the use of current wage and cost-of-living data in determining fair wages. 

29 . Prepare a set of forms to be used in the statistical control of production in a 
specific concern which will cooperate with you in furnishing information. 

30 . Make a stop-watch time and motion study in a small concern which will 
cooperate with you in making such an investigation. 

81 . Dra^ up a detailed plan for making a micromotion study in a certain plant. 

82 . In a certain plant, which will give you information on the wage plan now 
used, analyze the plan as compared with other plans, using the methods suggested 
in this chapter. 
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MARKETING ANALYSIS 

The degree of success that a manufacturer or trader has attained 
ordinarily depends in a large measure upon how effectively he has built 
up and maintained a market for his products. Production capacity in 
general, at the present time, is greater than the market capacity for 
absorbing the products at a profit to the producer. The market is 
normally a buyer's market, which means that the seller must aggressively 
push his goods if they are to be sold under the present conditions of keen 
(jompetition. An intensely competitive situation in a market does not 
mean, however, that one should stay out of it. In fact, extensive 
markets are very likely to be highly competitive, but the opportunities 
may be very good to sell an improved product through superior sales 
efforts based upon definite and accurate information. During recent 
years, the statistical analysis, often based upon specially collected data, 
has come to be an important factor in determining what, where, when, 
and how goods should be marketed. 

Analyzing the Market. — Before attempting to build up a market, one 
should find out what can be sold and determine as far as possible the 
extent and nature of the market. What can be sold depends upon 
the consumer's conception of the satisfying powers of the various com- 
modities, and how much can be sold depends largely upon the number 
of people and their purchasing power. A skillful analysis of these 
factors should precede any attempt to establish a new market. 

The value of statistics in solving the above problems is now widely 
recognized. And it is just as important that the difiiculties, dangers, 
and limitations attending their use be thoroughly appreciated. As 
pointed out previously, statistics cannot take the place of good judgment, 
mental alertness, or common sense. But when the business man is 
attempting to decide upon a marketing policy, he finds it of great value 
to have, among other things, an unbiased and true report upon the 
statistical facts regarding the situation. 

It is particularly important that the scope of a market investigation 
be defined as definitely as possible before beginning the work of collecting 
data. After the problem has been defined, one should ordinarily use 
secondary information as far as possible, but most investigations will 
require the collection of at least smne primary data. .A complete market 
analysis not only includes a careful measurement of existing and potential 
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demand, but it also includes a careful checking up on the selling points 
or satisfying powers of the product itself. 

Preliminary Study of the Market. — Before making a complete study 
of the market, it is often advisable to make a preliminary survey for the 
purpose of finding out whether or not a more detailed survey should be 
made. It often happens that a preliminary analysis will indicate quite 
definitely whether or not the proposition is favorable. If it is shown 
to be decidedly unfavorable, much of the expense which* would be neces- 
sary in making an extensive survey will be saved. If it is decidedly 
favorable, only the details for carrying out the plan will remain to be 
worked out. If the preliminary results do not indicate a definite answer, 
they will practically always at least indicate how a much better analysis 
can be made than would have been made if a complete survey had been 
attempted at the outset. 

Preliminary surveys are ordinarily based to a greater extent upon 
secondary data than are final surveys. By using available data that are 
already compiled, much can be learned about a marketing problem at a 
relatively small cost. The gathering of primary data is an expensive 
process and should ordinarily be done only when it is obvious that 
valuable results will be obtained which cannot be secured from secondary 
data alone. 

Demand and Supply Measurement. — Questions of supply and 
demand are usually involved in marketing analyses. The terms, 
however, are often used loosely in business and sometimes quite inaccu- 
rately. Strictly speaking, the supply of goods on the market does not 
mean the total stock in existence, but that quantity which the owners are 
willing to sell at a certain price. The goods which are in existence, but 
which are not for sale, constitute only a potential supply. Demand in a- 
market moans the quantity of goods that will be taken at a given price. 
It must not b^ confused with desire, to which there must be added ability 
to pay and inclination to buy before there is any demand. Both' supply 
and demand often fluctuate widely over a period of time and as much 
definite information as possible should be collected concerning potential 
supply and demand in order that one may have some indication of the 
probable future condition. 

For certain staple commodities, with a relatively stable rate of 
consumption, it is possible to determine the demand with reasonable 
accuracy. Likewise, it is possible to determine the supply of many 
staple commodities, as extensive records are compiled by government 
and other agencies. In many instances, however, direct measurement 
cannot be made of demand and supply, and it is necessary to estimate the 
situation on the basis of indexes or indicators developed from related 
series of available data. 
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Demand Conditions — ^Indexes of Demand. — In determining the 
extent of demand, a high degree of accuracy is seldom practical because 
a certain margin must be allowed to take care of the changes which will 
undoubtedly occur in a short time. It is important, however, to obtain 
indications as to whether there is strong, good, fair, poor, or no demand, 
and sometimes it can be gaged much more closely than this. Instead of 
trying to make absolute measurements of the demand for a specific 
product, it is usually satisfactory to obtain some kind of an index or 
indicator of the situation. 

There are many forms and variations of indexes of demand and they 
have varying degrees of value. Often there is an obviously direct relation 
which makes one series an index of another. For instance, permits to 
build, that are issued by a city building department, indicate the demand 
for certain building materials, and sales of gasoline may be indicative of 
the demand for replacement tires and automobile accessories. 

Since demand varies with differences in people, commodities, seasons 
of the year, customs, religions, and ages, as well as with the population 
and purchasing power, it is obvious that it is necessary to use many 
different kinds of indexes. Purchasing power varies widely with the 
business cycle; consequently, it is necessary to have indexes of general 
business conditions in determining the general demand situation. 

National distributors find it of great value to have indexes of demand 
for many different geographic sections of the country. This enables 
them to know which districts are the best in which to push sales. When 
demand in some districts is low or declining, they will concentrate their 
sales efforts in the districts where the demand is good or improving. 

In order to determine the extent and distribution of demand, data on 
population and purchasing power are of utmost importance in making 
practically all marketing analyses. For many products, the market will 
vary reasonably directly with the population. This is important in 
determining the relative importance of different parts of the country 
and in determining changes which are taking place, in the market in 
rapidly growing communities. And, of course, if the population data 
are to be of greatest significance, it is usually necessary, and sometimes 
imperative, to have classified detailed data on purchasing power. 

The methods of making and applying population and purchasing- 
power estimates have been discussed previously.^ While these methods 
are ol great importance in making other types of investigations, it is in 
making analyses of the market that they ordinarily find their greatest 
value. 

Supply Conditions — ^Nature and Extent of Competition. — Most of 
the preceding discussion applies to the demand side of the market. This 

^ See Chap. XIX on Population and Purchasing Power. 
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is, however, only one side of the problem and it is also important to find 
out what the situation is on the supply side, or, in other words, to analyze 
competition. Among the more important factors to be determined are 
the source of* competing products, the strength of those furnishing com- 
peting products, and the condition of present stocks. 

It is necessary to know the source of competing products in order 
to know something about the conditions of production, cost of transporta- 
tion, tariffs (if the goods are foreign), and other simil^^r factors. It is 
obvious that the strength of competitors due to financial backing, good 
will, and other factors, which would make it difficult to introduce a new 
product, should be very carefully considered. If large stocks of a product 
are already in the existing market, prices may be unsatisfactory for some 
time, and it will be better to concentrate upon developing a market 
somewhere else. 

Statistics on actual production, shipments, importations, stocks, etc., 
of many commodities may be used in determining the competitive situa- 
tion of other commodities in the various markets under consideration. 
Large importations of bananas in New York City, for instance, may 
indicate poor conditions for oranges and other fruit in this market. 

Statistical information on the stocks of many of the principal com- 
modities in the country are compiled and published by governmental 
departments, trade associations, and other organizations. The Survey 
of Current Business publishes data on stocks on hand of beef, pork, mut- 
ton, sugar, (!Ottonsced products, flour, wheat, rice, corn, oats, rye, barley, 
apples, butter, cheese, eggs, poultry, fish, beverages, coffee, tea, tobacco, 
wool, cotton, silk, rayon, hosiery, hides and skins, coal, coke, petroleum, 
gasoline, iron ore, steel, copper, lead, zinc, tin, lumber, roofing, cement, 
brick, turpentine, rosin, alcohol, rubber, tires, pap(?r, wood pulp, and other 
products. When (conditions in the market for one or more of these com- 
modities are being taken as indicators of conditions in markets for com- 
modities on which information is not available, care should be taken to 
see that changes in styles, customs, prices, etc., have not destroyed their 
significance. 

As previously pointed out, finding a keen condition of competition 
does not mean that one should stay out of a market. If a market is a 
good one it is to be expected that it will attract a considerable amount of 
trade. A highly competitive market, if it is an extensive one, is often a 
good one in which to sell goods through superior marketing methods, 
and it is one of the obje;cts of the market analysis to determine the best 
selling points and best selling methods. 

Determination of Market Areas and Sales Territories. — If a manu- 
facturer, wholesaler, or other distributor is to have an adequate check 
upon his salesmen and what may be expected of them, it is ordinarily 
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necessary to divide the total market area into sales territories. This 
involves first a determination of the limits of the total market area, and 
in doing this it is ordinarily necessary to make a study of the distribution 
of the population and purchasing power, the extent of competition, the 
time and cost of deliveries, and the probable future development. Then 
the total area can be divided into territories of approximately equal 
importance, or if they are not equal, the management will know about 
what is to be expected from each area. In problems of national scope, 
it is often desirable to lay out the sales districts on the basis of the large 
population centers with their tributary territories. 

In laying out and analyzing trading areas on the basis of important 
centers and tributary territories, the problem is to group properly the 
county population and purchasing-power figures (previously discussed 
in Chapter XIX) around the centers to which they arc tributary. The 
principle of this plan is simple and obvious, but its practical working out 
involves many difficulties. In explaining this situation the dire(?tor of 
research of the J. Walter Thompson Company pointed out that ‘‘perhaps 
the most serious difliculty in this work is that growing out of the vague- 
ness of the term ‘tributary territory.’ There are for example about 180 
cities in the country which are primary grocery jobbing centers with large 
grocery jobbing houses; but taking large centers and small ones together, 
there are 567 centers with grocery jobbing houses of substantial size. 
One of our first efforts was to group about these 567 centers the territory 
more accessible from those centers, respectively, than from any others. 
In revising this work for publication, the Bureau of Domestic Commerce' 
of the Department of Commerce regrouped these territories about the 
180 primary centers alone. ^ 

“Either plan is effective for groceries, but neither grouping works 
wholly satisfactorily for drug products. There are 205 centers with 
substantial drug jobbing houses and when the county figures are grouped 
around these with proper allowances for the large center jobbers operating 
on an interstate basis, the result is quite a different grouping from that for 
groceries. 2 

^Ab part of the 1929 edition of the ** Market Data Handbook,” th*e Bureau of 
Foreign and Domestic Commerce published a wholesale grocery map with 183 terri- 
tories (see Exhibit 202, p. 499). In the 1938 edition of the Atlas of Wholesale 
Grocery Trading Areas” (Bureau of Foreign and Domestic Commerce), the over- 
lapping of the areas is indicated where it is known to exist. In the words of the 
Atlas, Trading area boundaries are not high walls over which trade cannot pass, 
rather, they mark spheres of greatest influence, frequently bordered by regions from 
which the center in question draws some trade but which are primarily related to some 
other center.” 

*In 1935, The National Wholesale Druggists' Association published “Distribu- 
tion through Drug Channels in the 84 Wholesale Trading Areas.” This study pre- 
sented wholesale drug trading area maps and pertinent market data. 
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''Again, for goods sold to the dry goods and department store trades 
the picture is very different from either of the others. There are 681 
places having large department stores and 632 additional places with" 
smaller ones. About those places it is possible to group surrounding 
counties in retail shopping areas which will have few exact parallels with 
the areas for jobbing either drugs or groceries.^ 

"By constructing in the manner thus outlined a series of subdivisions 
of the country into various types of homogeneous areas or markets, 
tributary to centers, it might be possible to find a number of centers 
appearing on all or several of the lists which would then become a recog- 
nizable group of general trading centers. But in the meantime, groupings 
of trading areas about recognizable centers for the various individual 
trades seem to offer the best results. 

"Great progress has been made in the development of figures for 
use in sales quotas. The quantitative figures have been increased in 
variety and trustworthiness; the qualitative figures giving some idea of 
purchasing power have also been made much more useful; and, finally, 
the grouping of these figures in conformity with the sales practice and 
experience of the individual concern has shown marked advance. Instead 
of measuring sales in a given place by comparison with the population of a 
political group, they are now being measured more nearly by the peopkj 
who ought to be reached from that place with due consideration of their 
ability to buy.’’^ 

Retail Trade Areas. — Although retail trade areas may be laid out 
on the basis of population and purchasing pow(^r principally, these and 
other data cannot be applied, unless the following factors (statistically 
measured) are taken into consideration: 

1. Transportation facilities (streets, highways, electric lines, railroads, etc.). 

2. Facilities for communication (newspapers, telephones, etc.). 

3. Competition from other dealers. 

4. Business, amusement, and other attractions. 

5. Topographical and climatic conditions, and their effect. 

6. The psychological effect of distance and the mobility of trade. 

7. Special barriers, hazards, etc. 

In connection with the above, it is obvious that the type of com- 
modity, the size of the store, the delivery service, the advertising policies, 
etc., must be carefully considered, and that it is possible to influence the 
factors that would naturally determine the size of the territory. Ordi- 

^ The J. Walter Thompson Company has prepared a detailed tabulation of these 
retail shopping areas for the entire country. 

*From Paul T. Cherington, “Some Recent Developments in Market Analysis,” 
an address delivered before the Taylor Society. 
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n^Iy, the territory should be laid out on the basis of the best existing 
^conditions, allowing, however, for a reasonable amount of advertising 
and other influences which can be brought to bear in a practical manner. 

Consumer Market Data Handbook. — While a number of secondary 
sources of data may have to be used in determining market areas and 
sales territories, and while much original information may have to be 
gathered, there is one published source with which all students directly 
or indirectly interested in commodity market analysis should be familiar, 
because of its value as an aid in analyzing the geographical distribution 
of the market for a certain product. This source is the Consumer 
Market Data Handbook,^’ compiled and published by the United States 
Department of Commerce, Bureau of Foreign and Domestic Commerce.^ 

In selecting the items for the Handbook, an effort was made to 
include in each type the items that would be of greatest value to. those 
interested in marketing to the different classes of consumers. The 
information was compiled from both governmental and private business 
sources and includes the following information for the 3,073 counties 
in the United States: population and dwellings; retail and wholesale 
sales; value of products manufactured; number of farms; employment 
and payrolls; retail sales by types of stores; income tax returns; auto- 
mobile registration; radios; residential telephones; domestic electric 
meters; magazine circulation; and farm values. 

The county was selected as the statistical unit primarily because 
it is the smallest political unit for which satisfactory statistics are avail- 
able. The county unit was strictly adhered to with the exception of a 
few instances. The counties are listed iix such a manner that it is con- 
venient to retabulate the figures to fit the particular needs of the individ*^ 
ual organization in laying out its market areas. The map in Exhibit 202 
indicates how the country can be subdivided into sales territories. 

The different kinds of county data included in the handbook will be 
used in many different ways, varying according to the different types of 
commodities, sizes of distributors, operating policies, etc. The manu- 
facturer of electrical household equipment may wish to lay out his sales 
territories on such a basis that the number of electrical consumers in 
each territory will be about equal. Another may wish to weight the 
data for each territory according to its purchasing power, or according 
to the population which represents a potential market. Another would 
have the problem of variations in the success of the different salesmen 


1 First published in 1929 as the Market Data Handbook of the United States.” 
TIm was followed by “General Consumer Market Statistics” in 1932, and by the 
“ Consumer Market Data Handbook” in 1936 and 1938. Brief descriptions have been 
. given previously on pp. 44 and 446. An “Industrial Market Data Handbook” is in 
preparatkm. 
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and the territories would be unequal in importance. In all of these 
instances, however, the manufacturer would have a basis for knowing 
where his markets exist. Likewise, the tire manufacturer has a basis 
for knowing where the tire market is when he refers to the automobile 
registration figures. The figures on farm values may show the farm 
machinery manufacturer where his market is. The manufacturer 
of a safety device for mine hoists knows where the minerals are being 
produced, and so on. It is not, of course, essential that the distribution 



Exhibit 202. — “Market Data Handbook” wholesale grocery territories map (1929). 
This map indicates how the country can be divided into sales territories on the basis of 
economic units by combining the counties around central distributing cities. (The original 
map is 27 by 42 § inches in size and shows the names of the counties and principal cities.) 
A similar but more detailed map is included in the “Atlas of Wholesale Grocery Trading 
Areas,” published by the United States Bureau of Foreign and Domestic Commerce, 
March 1938 (see first footnote page 496). 


be national in scope. Each section of the country, a state, or even a 
part of a state, can be much more readily handled as a market if the 
distribution of that market is understood. A manufacturer of feed for 
dairy cattle, for instance, may be interested only in the figures on the 
dairy products in the State of Virginia, but the distribution of this indus- 
try tells him where his market is, and he immediately has the basis of 
deciding upon the best receiving points, transportation systems, etc. 

Deter mining the Constuner’s Point of View, — In view of the competi- 
tion that exists in marketing most commodities at the present time, it is 
important to determine definitely what selling points make the greatest 
appeal to the consumer. The method is ordinarily simple although the 
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application is often difficult. All of the known selling points are listed 
and a large number of consumers are asked to state their preferences. 
Data are compiled from these by classes and the seller is able to determine 
the most satisfactory combinations for the different classes of demand. 

In making these audits of public opinion, great care and considerable 
skill are necessary if one is to uncover the real truth. It is not enough to 
take the individuaPs word as to his reason for his preference for certain 
commodities, places of buying, services, and other factors upon which he 
bases his choice. This is because he bases his decisions more upon 
emotion and habit than he does up<ln reason. Consequently, consider- 
able attention must be given to watching the buyer and recording 
exactly what he does in actual practice. If, for instance, a questionnaire 
is filled out by the average user of household goods regarding why a cer- 
tain article is purchased and which will show whether advertising, dealer 
recommendation, or experience in use is the most powerful buying motive 
involved, we are likely to find that, according to the answers, experience 
in use ranks highest even in a case where the subtle use of advertising is 
almost entirely responsible for the sales of the product. As a rule, a 
person does not realize how much he is being influenced by suggestion in 
advertising, and the reasons that are given for buying a certain product 
may not be real reasons at all. Consequently, one of the most important 
points in making a statistical market analysis is the recognition of these 
difficulties. Judgment and experience, of course, are required in solving 
such problems, but many wrong conclusions will be avoided if it is realized 
that the difficulties exist. 

Fitting the Product to the Market. — ^A careful statistical study of 
what the public wants is often extremely valuable in strengthening a 
concern’s competitive position. Many staple commodities, such as 
children’s underwear, household cleansers, brushes and brooms, or bacon, 
bread, cheese, and similar food products, or water heaters and similar 
equipment, are not materially affected by the style element, and their 
sales are determined largely by the number of relatively permanent 
selling points in relation to price. It is, therefore, of great importance 
to break such products down into their elements of desirability and then 
combine as many of these elements as possible into one product. Infants’ 
underwear becomes a question of wool, cotton, silk, rayon, or mixtures; 
buttons or tapes; light or heavy; colored or white; softness; shrinkage; 
durability; price; etc. Brooms become a question of weight, durability, 
appearance, etc., in relation to price. Water heaters become a question 
of instantaneous or storage, service, size, and price. Other products 
can be broken down into their component parts in the same way; and by 
collecting information by means of questionnaires or through field 
enumerators, the selling concern will be able to provide the most desirable 
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product by classes of people and by localities. Exhibit 203 shows a 
simple questionnaire that was used in analyzing the market for water 
heaters. 

It is obvious that an opinion based on a representative sample, such 
as those just referred to, will often cause decisions to be made in a manner 
which will differ widely from those which will be based upon the opinions 


LETTERHEAD 

January 10, 1931; 

With the idea of extending the market for his product, a manufacturer of a 
medium-priced water heater, making both storage and instantaneous types, 
has asked us to secure some information for him about the possible market for 
his product in New England. 

We feel that you will be willing to take the time necessary to answer the 
brief questions below, as the information furnished now may be of real benefit 
to you at a later date, since the sales policy will be based upon the facts obtained. 

Assuring you of our appreciation of your cooperation, 

(Signature) 


1. What type of hot water heater do you prefer? 

Instantaneous ? Storage? 

Why? 

2. What priced heater do you most frequently install in the average home? 

$ Price range $ to $ 

3. (a) Are you thoroughly satisfied With the present method of marketing 

heaters through the plumber? 

(6) Would you prefer to buy direct from manufacturer? 

Why? 

(c) If bought direct, should heater be installed by 

Plumber? or Heater Company? 

Why? 

4. Remarks 

NAME ADDRESS 

(It is not necessary to sign this questionnaire.) 


Exhibit 203. — Questionnaire sent to builders in an analysis of the market for water heaters. 

of one or a few. Individual opinions on the part of the management will 
often differ from those of the majority of consumers to an extent which is 
great enough to interfere seriously with the profits of the enterprise. It 
is often the case, especially in small enterprises, that the opinion of the 
manager is based to greater extent upon friendly compliments than upon 
cold facts regarding the opinions of unsympathetic buyers. I1‘, at her 
tea, Mrs. Jones is highly complimented on her home-made candy and is 
told that she should start a candy factory and store, she should not be 
too eredulous, for she may find that the public has different opinions 





602 


BUSINESS STATISTICS 


should she actually start the enterprise. Such cases are very common 
in the business world, where enthusiastic inventors of all types of things 
take friendly compliments as indications of the markets for their products, 
only to find later, through the expensive process of trial and error, what 
they could have found out at small cost by collecting unbiased statistical 
data — ^namely, that there is virtually no demand for the product. 

Statistics in Advertising. — Statistical investigations are valuable aids 
in planning an advertising campaign, in carrying it out, and in chocking 
results. Before proceeding with an advertising or selling campaign, a 
concern needs to know the answers to the following questions: Who are 
the users of its product? Where do they live? How many are there? 
How much may they be expected to buy? What are the substitutes for 
its product, and how satisfactory are these substitutes? What are the 
preferences, likes, and dislikes in connection with its product and its 
competitors? It is obvious that such information is of utmost impor- 
tance. The questions, of course, cannot be answered perfectly, but sta- 
tistical facts and analyses are a great aid in securing better answers 
than could be obtained without them. 

In answering the above questions, one ordinarily needs data on the 
size, density, and distribution of population, and facts which indicate 
the characteristics of the people such as race, age, religion, and educa- 
tion. Any illiteracy, of course, directly limits the effectiveness of adver- 
tising. One also needs data on incomes and on the distribution of the 
family purchasing power among the 'different products. By using the 
sampling process, either with questionnaires or personal enumerators, 
much information can be gathered at a relatively low cost which will 
indicate the answers to the last two questions listed above, and although 
the answers will not be based upon complete information, they will be 
much more reliable than mere opinions, and much less costly than 
experimenting with the market. 

Careful statistical studies to determine selling points are being used 
with substantial success to increase the efficiency of advertising. Such 
investigations are helpful in deciding what appeals are the strongest, what 
illustrations are the best, what size is the most effective, and how 
frequently the advertisement should appear, as well as in determining 
to a considerable extent what the results are to be before the money is 
spent. 

One method of checking up on results of different advertisements in 
different mediums is through keeping careful records of the inquiries. 
The different advertisements in the different magazines are keyed in 
such a way that the inquirer indicates the particular advertisement which 
caused him to send in the inquiry. For instance, the address of the 
advertiser may contain ^'Department 263.” .This, of course, is not 
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really a part of the address but is a key which indicates that the inquirer 
saw the advertisement in a certain magazine, each individual advertise- 
ment in each magazine also being designated by a different department’^ 
number. Another method, which is used to determine whether or not 
an advertisement is being read, is to offer, for instance, a complimentary 
booklet on an interesting subject and at the same time to tell the reader 
to send for the booklet, giving its particular number. The general 
subject of the booklet may be advertised in several different magazines, 
but in each of the different magazines the booklet will bear a different 
number, and consequently the advertiser will be able to check the relative 
effectiveness of the different mediums. 

In distributing advertising material and circular letters by direct 
mail, it is often advisable to test out the material by sending it to a small 
proportion of the list first. If a certain percentage of inquiries is received, 
the advertiser has an indication of what is likely to happen if the material 
is sent to the remainder of the list. In this way, the advertiser often 
realizes a saving by finding that it is advisable to revise the letter or 
circular or to prepare a new one. 

Laboratory tests of advertising are often made by psychologists for 
the purpose of testing effectiveness. These tests are made both before 
and after the advertising is nin. There are many difficulties in making 
these tests, however, which interfere with getting accurate results. Most 
of them arise from the fact that the conditions under which the average 
person actually reads advertising cannot be duplicated in a laboratory. 
The reader ordinarily cannot have the same attitude toward advertise- 
ments under laboratory conditions, where tests are being made, that he 
has when casually reading a magazine. Even with these difficulties, 
however, the advertiser is able to gain much valuable information from 
the records obtained, which he can use to advantage in preparing and 
revising copy. 

Another important test in advertising and selling is that of going 
directly to the consumer and discussing the product with him. An 
investigation which was made for a soap manufacturer illustrates the 
value of this kind of information. The manufacturer had made every 
effort to make this soap as good scientifically as it was possible for expert 
chemists to make it. He had also spent considerable sums in getting a 
well-designed cake and an appropriate package. He wished to combine 
in this product as many qualities as possible that would make it a popular 
soap for women. It was widely advertised and readily available in 
neighborhood stores. It was offered at a reasonable price, but it would 
not sell. He then conducted an investigation with a representative 
number of women who tried out the soap and discovered a number of 
objections among which the most important was the odor of the perfume. 
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This perfume had been included as a matter of course by the man who 
had made up the formula, and while it had not been thought objection- 
able by the men who worked with the soap 86 per cent of the women 
in the test objected to the odor and suggested that a different one 
should be used and 64 per cent said that the odor was much too strong 
for soap. 

The foregoing methods of testing advertisements are also valuable 
in checking up on packages, window displays, counter displays, and the 
like, where their success depends upon their effect upon the consumer. 

Advertising is costly, and it is generally thought that much money 
is wasted in this method of creating demand. For this reason, the leading 
publications which sell advertising prepare statistical data for the purpose 
of showing those who are buying the advertising just what kind of a 
market is covered, and about what results can be expected. Reference 
has been made (page 445) to some of the more widely applicable work 
of the Curtis Publishing Company, the Crowell Publishing Company, 
and the International Magazine Company. Much of the market 
analysis work, however, of these and other magazine and newspaper 
publishers is designed to show their advertisers the sizes and types of the 
markets reached through their particular advertisements. 

When magazines and newspapers are attempting to determine the 
nature and extent of the markets served, it is ordinarily necessary to 
collect a considerable amount of primary data. An example of a survey 
of this type, made by a college newspaper in analyzing the market that 
it served, is furnished by an investigation conducted by the California 
Daily Bruin, The questionnaire that was used is presented in Exhibit 
204. A few of the results will be discussed in order to indicate how they 
were used. The survey indicated an annual expenditure by the students 
of approximately $1,500,000 for clothing. Naturally, the local depart- 
ment stores and other dealers in commodities used by these students 
would be interested in this market. According to the survey, practically 
all of the students in the university read their college newspaper, and it 
was also read by the families of 62.5 per cent of the students. Ninety- 
four per cent of the students said that they read the Daily Bruin adver- 
tisements, while only 24.5 per cent said that they read the advertisements 
of the down-town newspapers. With these figures, those who were selling 
Bruin advertising space could point out the great advantage of adver- 
tising in this medium, as a method of reaching this market. In the same 
manner, the automobile and other figures were analyzed and presented to 
prospective purchasers of advertising space. 

Sales Management Statistics. — ^The use of statistics in selling has 
increased rapidly during recent years, though there are still many sales 
managers who do not understand their use and who are skeptical of their 
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“California Daily Bruin“ Questionnaire 

1. Check the section you live in 

Hollywood Beverly Hills Wilshire Beach Towns . . . , 

other Sections toiJS.r* 

2. Where do you shop most? (Check three in each ot Ay By and C.) 


Army & Navy Dept. Store 
Barker Brothers 
Broadway Dept. Store 
Bullock’s 

Coulter’s , 

Dyas 
Maxime’s 
May Co. 

J. J. Haggarty 
Robinson’s 
Sears Roebuck 
Walker’s Fifth Street Store 


Harris & Frank 
Desmond’s 
Silverwood’s 
Foreman & Clark 
Hamner & Son 
Jacoby’s 
Mullen & Bluett 
Phelps-Terkel 


Baker’s 

Florsheim 

French Slipper Shoppe 
Gude’s 

Hacklcnian & Long 

I. Miller 

Innes 

Walk-Over 

Wetherby-Kayser 

Star 

Young’s 


Others 

D. Estimate amount spent on clothes ^ 

3; Do you shop in Hollywood? 

4. Do you shop in the Los Angeles 

downtown district? 

5. What is your usual method of 

transportation ? 

6. Do you drive a car? 

Own one?. , .What make? 

7. Is the Bruin read by members of 

your family? 

8. Do you read ads in the Bruinf , . . . 

9. Do you read any of the dailies?. . 

Do you read the ads in them? 

10. Do you buy tailor-made clothes? 
Ready-made? 


yearly 

11. Are you accustomed to dealing 

with specialty shops or with de- 
partment stores? 

From preference or convenience? 

12. Do you ordinarily confine your 

trade to one store provided it 
meets your requirements? 

13. Do you shop without regard to the 

reputation and service of the 
company? 

14. Do you find that advertising 

influences you in deciding where 
to buy? 

15. Is quality or price the deciding 

factor in your judgments? 

16. Do you ordinarily pay cash or 

charge your purchases? 


NAME (optional) 


ADDRESS 


Exhibit 204. — Questionnaire used in analyzing a university market and in determining 
the value of a college newspaper as an advertising medium. 
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value. The general manager of a certain steel-forging business in a 
recent discussion of the question ‘'Is the statistician a real help to the 
sales manager?” states: “I know a sales manager who almost lost his 
job a few years ago. He was and is a great volume builder. His men 
know how to sell merchandise and they get sizable orders. The house 
is never short of orders. But the problem which his management must 
face is that at the end of the month there is no worth-while profit to 
compensate for all the work done. This house tried to get this sales 
manager to install a statistical department. But the suggestion was not 
received in a kindly manner. ‘Too much fool overhead expense now/ 
was his reply. ‘Just leave us alone. Give us better goods and, if possi- 
ble, get your costs down. You’ve got us carrying so much overhead now 
that you are choking us to death. Don’t talk about increasing the 
overhead.’” However, an investigation was made which showed that 
the company’s difficulties lay in the fact that the business was being 
obtained from a territory so broad that, without a proper price differential 
to include freight and without recognizing and adjusting the traveling 
expenses in the distant territory, the company would continue in trouble. 
The selling policy was revised and an advertising program was initiated. 
Within two years enough additional business was developed in the home 
territory, at a good profit, to make the house independent of its distant 
business.^ 

Many department stores, as well as other institutions, keep careful 
monthly, weekly, and daily records of sales. As soon as the figures for 
the current week are available, a form is filled out comparing them with 
the sales of the previous week and with those of the same week of the 
previous year. Ordinarily, the week of the previous year referred to is 
the same week according to the calendar — that is, the twenty-fifth week 
of this year would be compared with the twenty-fifth week of last year. 
However, this rule cannot be followed arbitrarily when similar weeks, 
as far as trade is concerned, do not come at the same time every year, 
and, in order to make the analysis more complete, one would compare 
the week preceding Easter Sunday of the current year with the week 
preceding Easter Sunday of other years. Monthly analyses are also made 
by comparing the sales for the current month with the sales for the pre- 
ceding month and with the sales of the same month of the preceding year. 
And daily comparisons are made by contrasting corresponding Mondays, 
Tuesdays, etc. in previous weeks, months, and years. Tendencies and 
changes over a longer period of time may be analyzed, as indicated in 
the previous discussions of long-time trends. 


1 Dbutb, a. H., General Manager, The Billings and Spencer Company, in Printers* 
Inkj March 7, 1929. 
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In setting sales quotas, it is extremely important that the sales man- 
ager know the condition of the business cycle in the industry as accurately 
as possible. If the quota is the principal basis of paying salesmen, and 
it is based on prosperous conditions, salesmen will not receive a fair 
income during a period of depression. If the quota is based on a depressed 
market, the salesmen will receive such large amounts in prosperous 
times that they will be greatly out of proportion to just incomes. 

Forecasting Sales. — In making a forecast of sales, one must first 
find out as much as possible about the past and present conditions which 
affect future conditions in the market for the particular concern^s prod- 
ucts. Then the forecast is made by applying the information in making 
the schedule of sales expectations. But a sales forecast should not be 
made by a mere mechanical application of information, although definite 
statistical procedure may be followed in arriving at the estimates. The 
forecast itself is not ordinarily as definite as it appears to be, and its 
best use depends upon a complete understanding of its real value. It is 
a systematic estimate which gives the sales manager or other executive 
a better idea of what to prepare for than he would have without it, but 
as a rule so many things can happen, which cannot be foreseen, that the 
sales forecast should not be followed blindly. 

The information that is to serve as the basis of a sales forecast is 
gathered in various ways. Sometimes the necessary data are furnished 
by dealers. Sometimes they are collected by salesmen in the field. In 
other instances the investigations are based on information secured 
directly by the home office. In most instances, it is advisable to use the 
reliable secondary data that are available on su(;h questions as population, 
purchasing power, financial conditions, building activity, retail trade 
conditions, and the like, even though extensive primary investigations 
are also made. 

Field Investigations — ^Primary Forecasting Data. — Personal investi- 
gations in the field, when they can be made, are often of great value in 
connection with making sales forecasts. These may be carried on in a 
number of ways. A company's representatives, when calling on the 
trade, may report upon the sales expectations of each dealer for 
the following year. From these data on sales expectations, along with the 
representatives^ own observations, a sales estimate for each district may 
be made. 

When gathering information of the above type, definite question- 
naires or schedules should be filled out for each dealer, showing not only 
what the dealer himself expects his sales to be, but what the representative 
believes is a reasonable expectation. Exhibit 205 presents a dealer’s 
sales estimate questionnaire for gathering information to be used by a 
manufacturer in making a sales forecast. This form includes dealer’s 
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and representative’s estimates, sales for the current year, and stocks at 
the beginning and end of the year — ^all by classes and types of products. 

After obtaining the estimates of dealers’ sales, the compilation of the 
company sales budget for the entire district and for the country as a whole 
is undertaken. In this procedure, however, the dealers’ sales amounts 


DEALER^S ESTIMATE OF SALES 

For year 

Firm name Locatio n Date 

Estimate by Position Co. Representative^ 



Dealer’s 
sales 
estimate 
for next 
year 

Sales 
this year 
(approxi- 
mate) 

Budget 
for this 
year 

Representa- 
tive’s sales 
estimate for 
next year 

Expected 
stock hold- 
over (at sell- 
ing price) 
end of 
this year 

Stock hold- 
over (at sell- 
ing price) 
beginning of 
this year 

Product I 
Grade A 







Grade B 







Grade C 







Product II 
Grade A 







Grade B 







Etc, 



i 


1 


Total .... 








Exhibit 205. — Dealer’s sales-estimate questionnaire for gathering information used by a 
manufacturer in making a sales forecast. 

must be converted into the manufacturing company’s sales basis. In 
other words, the dealers’ gross margins and the jobbers’ gross mai'gins 
must be eliminated. This can be done by deducting the avei*age or 
standard mark-up from the sales estimate for each product, but as this 
may vary among different products, the percentage mark-up dedudtion 
may need to be computed for each type of article. Also, the dealers’ 
holdover stocks must be taken into consideration in estimating the 
manufacturer’s sales. In this connection, it is important to note that an 
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increase in the stock held over does not necessarily mean that the dealer 
will not order to fill the entire expected sales requirements. Larger sales 
volume usually requires larger total holdover, although it usually results 
in a smaller percentage of holdover for inventory requirements. The 
important feature in making adjustments of manufacturers' sales esti- 
mates because of dealers' holdover stocks, is to observe variations from a 
standard percentage of holdover stock. Thus, if product II, Grade A sales 
are estimated for the next year at $5,000 for a given dealer and he has 
goods on hand of that grade and product of $4,000 at the sales price, it is 
probable that he will buy only enough during the coming year to end the 
year with a normal balance. Thus, if 20 per cent of the annual sales is a 
normal holdover, this dealer could be expected to order the product of 
this grade in the amount of $2,000 at his selling prices, as this would 
leave a $1,000 holdover at the end of the next year. 

The example above indicates how an analysis of expected sales is made 
on the basis of dealers' and representatives' estimates. A similar 
analysis of sales probabilities can sometimes be made by determining the 
expected sales according to salesmen's estimates. 

To illustrate, we may consider the case of a furnace manufacturing 
company which has a retail department handling sales and installations 
of furnaces in new buildings and replacements in old buildings. Sales 
are made by salesmen who follow up every 'Mead" evidencing a proposed 
new building or the remodeling of an old building. These salesmen 
establish contacts with architects, builders, and contractors. In esti- 
mating the sales of the retail or installation department for the following 
month, quarter, or year, the estimates of the individual salesmen should 
be indicative of the immediate consumer demand, although their esti- 
mates may not accurately forecast sales of a period far in the future. 

In using salesmen's estimates to assist in the preparation of a sales 
forecast, a careful analysis of the past estimates of each salesman and of 
his actual sales must be made. Each salesman must be made to realize 
that his estimate is more than a prediction; it is a quota expected from 
him. In making his estimate he will need to refer to his record of sales 
in progress and in anticipation. His sales for a similar period in a 
previous year will be important for comparison, but his knowledge of 
current conditions and current prospects should be most significant. 
Accuracy in making a sales forecast through the salesmen's estimates is 
dependent upon their realization of their responsibility for careful 
estimating. Obviously, to make the sales forecast definitely valuable 
to the manufacturer, the salesmen's estimates must be by types of prod- 
ucts as well as in total. 

Collecting Forecasting Data at the Sales OflSice. — Many companies 
may not find it financially possible, or even advisable, to send representa- 
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tives into the field to call on dealers. Also, until their salesmen are 
properly trained, the salesmen’s estimates may be unreliable. Therefore, 
it may be necessary to limit the investigation of conditions in the different 



Back 

Exhibit 206. — County analysis card for sales-quota determination. {Courtesyt Perfection 

Stove Company.) 


territories to information collected in the companies’ offices. The 
practice of the Perfection Stove Company is illustrative of this method of 
surveying sales probabilities. This practice will now be described in 
connection with Exhibit 206. 
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‘‘The unit accepted by the company for the accumulation of data and 
for purposes of forecasting sales expectations is the county. This unit 
was chosen because the product of the company — oil heaters — obtains its 
best distribution in rural sections, where buying power is good and fuel 
conditions ar5 favorable to the use of oil. A detailed analysis has been 
made, for each county, of all conditions which seem to affect the sale of its 
product, and the resulting data are entered on a ‘county card^ (Exhibit 
206). 

'^On these cards, the shipments to dealers are tabulated by counties, 
a report being sent to each district manager every three months, showing 
the county totals by items for his district. The manager has a duplicate 
set of the cards and is advised of any additional information or changes. 
The card provides for the leading competition the company has to meet. 
The information, therefore, was obtained mainly from a ‘poll’ of oil-stove 
users, conducted by magazines and journals in which the company 
advertises. To supplement this condition of competition, the company’s 
own salesmen check up from time to time by questioning the dealers they 
call upon. It is readily admitted by the company that these data are 
not complete, yet they do give an exceptionally good ‘cross-section’ view 
of county conditions and are proving in practice accurate bases from 
which to work. The latest government and other reports of crop, 
financial, and trade conditions are carefully analyzed and used to modify 
the expectation of business to be done, as well as to reveal the sections 
where special advertising or intensive work is required. 

“The county card, on the reverse side, shows what business has been 
done for several years back, and there are now being accumulated, by 
means of the punched card system, monthly shipments. This knowledge 
of general conditions and best sales is considered essential for a reasonable 
estimate of prospective business. 

‘‘As soon after November 1 as the October statistics are completed, 
the statistical and research department makes up detailed statements 
covering the 10 months’ business, January to October, plus an estimate 
from November to December. These statements are then forwarded to 
each district manager for a preliminary estimate of the next year’s 
business. The estimates, after being carefully reviewed, are translated 
into a manufacturing budget so that the cost department may develop a 
manufacturing program and figure standard costs for inventory purposes. 
As it is a six weeks’ job to make entirely new standards for a possible new 
line of product, the necessity of beginning this work by November 15 is 
clearly seen. 

“After the preliminary sales estimates have been reviewed and the 
.manufacturing program decided upon, the budget officer visits the 
district offices in turn and works out with each manager a revised sales 
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budget, adjusting the ratios of the various products and increasing or 
decreasing items which appear to be out of line. Upon the budget 
officer's return to Cleveland the figures are again carefully reviewed and 
then approved by the general sales manager and the directors."^ 

Market Trends. — In solving marketing problems, business men are 
constantly thinking of the long-time trend and its relation to the other 
movements. The two . principal trends to be considered in this connec- 
tion are the trend of the market for the product and the trend of the 
particular company's sales of that particular product. Though the 
business man constantly has long-time trends in mind and must consider 
them, it is difficult to determine them accurately. 

It is of utmost importance that changes and faults in the basic trend 
be discovered promptly so that they will not be mistaken for cyclical 
variations. Often these may be discovered through investigations and 
analyses which are not statistical. This is illustrated by the wholesale 
dry goods and grocery situation in Los Angeles in 1926. Department- 
store sales were increasing steadily, while wholesale dry goods sales 
showed a marked tendency to decline. An investigation indicated a 
shift to the effect that department stores were buying more of their 
merchandise directly from the manufacturer and less from the whole- 
saler. Another investigation indicated that a similar situation existed 
in the grocery trade in Los Angeles — that is, while the city had been 
growing steadily, wholesale grocery sales had declined. The explanation 
was 'that chain grocers had a much larger proportion of the retail trade 
in 1926 than they had in 1921, and while chain stores were buying a 
considerable proportion of their groceries from jobbers in 1921, they were 
buying practically all of these goods directly in 1926. In addition to 
this, the tendency to consume a larger proportion of fresh fruits and 
vegetables had also influenced the basic trend of wholesale grocery sales. 

Se^isonal Variation. — It is generally appreciated that seasonal varia- 
tion plays .an important , part in many types of distribution. Exhibit 
157, page 327, shows the Christmas peak in shoe sales very distinctly, 
and Exhibit 155, page 324, shows the summer peak in gasoline consump- 
tion. A statistical determination of the average seasonal variation aids 
materially in making plans for the year's business. Seasonal variation 
often occurs in a market as a whole and in a concern's business as a whole, 
but, if the best results are to be obtained in making constructive analyses, 
it is often necessary to break a concern's business up into minor parts and 
to study the variation in small groups or single lines of commodities. 

In many instances, seasonal peaks and valleys in a concern's business 
can he smoothed put to a considerable extent, with profitable results. 

^ > Bbttbbb, . Hsnbt, and Abtbitb Lazabus, Applied Budgeting,” pp. 123-126, 
MeGraw^Qill Book Ck>mpany, Inc., New York, 1928. 
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In other instances, the causes of the seasonal variation are more funda- 
mental and it is advisable to fit the business carefully to the market con- 
ditions as they exist. In both cases, it is obvious that it is necessary to 
have a thorough understanding of the seasonal variation, and, in this 
connection, statistical methods serve a very useful purpose. 

Marketing and the Business Cycle. — In no field is the proper analysis 
of the business cycle of any greater importance than in marketing. All 
that has been said in past chapters regarding the analysis of the business 
cycle is of great importance in market analysis. Undoubtedly, this is 
already appreciated by the reader, because several of the examples used 
in illustrating business cycles in previous discussions of this subject were 
distinctly marketing problems. Some of the greatest losses in handling 
commodities are due to misjudging the cyclical conditions of the market. 
The 1920 silk situation, for instance (see page 272), furnished a striking 
example of lack of information, wrong information, and incorrect analysis 
regarding the cyclical condition of the market. 

Similar problems were faced by those who were engaged in other lines 
of wholesale and retail trade. ‘‘In the autumn of 1919, the merchandise 
manager of a department store in New England began to make plans 
for the spring trade in one of his important lines. He knew the prices of 
raw and finished goods had been advancing steadily, and retailers had 
encountered difficulties in securing prompt deliveries. He was convinced 
that he must place his orders well in advance of his needs. His store, 
like that of other retailers, had sold an unprecedented amount of goods. 
Trade rumors appeared to indicate that the supply of raw materials was 
less than normal, and it was so difficult to secure deliveries that retailers 
duplicated orders with different manufacturers in order to be assured 
of the delivery of part of their requirements. 

“The merchandise manager thus decided to place in the autumn an 
order for the full requirements of the anticipated spring trade in 1920, for 
the purpose of avoiding the loss of prestige which the store would face 
if it were unable to supply its customers. To finance its purchases the 
company negotiated a bank loan at a time when money rates were rising, 
when wholesale and retail prices of all commodities were tending upward, 
and when the rapid advance — although the manager did not know this 
fact — had led to a considerable amount of speculation in the goods he 
wished to buy. The loan was obtained, the order given, and the result, 
of course, was a heavy loss. 

‘‘It should here be pointed out that the retailer must carry stocks on 
hand. He must expect to make some losses in a period of depression. 
Some retailers believe that it is wise to build up a reserve in a rising 
market, fixing prices on a replacement value; they believe that it is good 
business to take losses early in a falling market by the same process of 
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determining prices by replacement values. If information were provided 
to enable the retailer to change his present habits and buy ‘from hand to 
mouth' at the top of the boom and in larger quantities in a period of 
depression, bank credits would be relieved and cancellations decreased. 
It is the natural tendency at present to overstock in boom times and to 
stop buying in depression. This tendency is strengthened by the diffi- 
culty of obtaining deliveries in a period of boom. 

“The following instance of two manufacturers in the shoe industry 
illustrates the difference between what may be readily recognized as a 
conservative policy in one period of the business cycle and what just as 
clearly becomes a speculative policy in the other extreme of the cycle. 

“The first manufacturer of shoes, well along in the period of expansion, 
received more than normal orders from his customers. He knew the 
industry was overexpanded but he lacked any basis for judging how to 
handle his business at this time. Supplies of leather were apparently 
very small; congested railroad conditions made it imperative to have his 
raw material shipped to him several weeks before it was usually neces- 
sary; prices of leather were rapidly rising. The men in the industry did 
not question the priqe at which leather could be purchased, but seemed 
willing to pay any price for raw material laid down at the factory. Under 
these conditions the manufacturer followed what must have seemed to 
him k conservative policy by purchasing raw material enough to cover 
his orders. Then came the break in leather prices; cancellations poured 
in, and he was unable to liquidate and experienced an enormous loss on 
his inventory of raw material. 

“Another manufacturer, under the same market conditions and at 
the same stage of the business cycle, convinced himself through a study of 
conditions that his orders were inflated and that it would be unwise to 
cover with raw material. He cut his orders to 25 per cent of his require- 
ments; Other executives in his plant and particularly his sales organiza- 
tion opposed this policy. They prophesied not only that he would have 
to cover at high prices but that he would probably not be able to secure 
raw material at all and consequently his relative position in the industry 
would be destroyed. After the break this shoe manufacturer was able 
to purchase raw material to fill his requirements at much reduced prices, 
and he was able to send his sales organization into the field with a line of 
shoes produced at low cost, in competition with his competitors who were 
attempting to liquidate high-priced inventories. 

“It was not because one of these managers was conservative that he 
was more successful in coping with the problem of cyclical losses. The 
distinction that should be emphasized is that the manager who knew and 
acted with reference to the fundamental facts of the relationship of his 
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particular business to his industry and who had a sound knowledge of 
general business conditions from study of statistical data of trade gener- 
ally was able, to a large extent, through policies planned in 1919 and 1920, 
to avoid the difficulties of 1921, while the manager who ran his business 
without reference to such factors was gambling in his most important 
decisions. 

problem which business men faced in 1920 and 1921 was the 
widespread uncertainty caused by cancellation of orders. From one 
standpoint these cancellations wore entirely unjustifiable. Legally the 
orders constituted contracts and should have been carried out. It is 
important, however, to consider why widespread cancellations occurred. 
Their extent was undoubtedly due to at least two causes, both intensified 
by the wide fluctuations in that particular cycle. 

First, in the period of inflation of 1919 and 1920 an unusual and 
perhaps unprecedented delay in securing deliveries was caused by the 
breakdown of transportation facilities near the peak of the boom. Many 
business men not only placed orders earlier than usual but also duplicated 
them, or ordered in larger quantities, with the expectation of having 
deliveries scaled down. When the slump came they had strong temp- 
tations to cancel. 

Second, price levels had been on such a high plane when orders were 
placed, and the fall in prices was so violent, that many business men faced 
the alternative of cancellation or bankruptcy. Under these conditions 
it was wiser for the seller to accept cancellation than to deliver material 
to a customer who could not pay. 

‘‘From the illustrations of business experience which we have 
reviewed, it is evident that knowledge of one^s own business should be 
strengthened by knowledge of the conditions in the industry of which it is 
a part, and by information about current and future trends in general 
business conditions. The business man is placed thereby in a strong 
position to exercise judgment based on facts rather than on guesses, 
speculations, or approximations. 

“First, he must have available for his use current facts about general 
business conditions throughout the country and knowledge of the proba- 
ble future trend of general business conditions. 

“Second, he must have the basic facts about his industry. Because 
his particular business is influenced by conditions affecting his entire 
industry, he must be in a position, with others in his industry, to study 
its peculiar industrial problems. 

“Third, he must secure enough facts about his own business to give 
him not merely statistics but a proper basis for judgment as to his general 
policies. 
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Fourth, he must inform .himself in regard to the general credit 
situation and especially the attitude of his own bank toward extensions of 
loans.''^ 

Importance of Random Movements. — In analyzing market conditions^ 
it is of utmost importance that random movements be identified as 
quickly as possible so that they will not be mistaken for cyclical varia- 
tions. As is the case in studying faults in the trend (previously dis- 
cussed) these random movements may often be discovered through 
investigations and analyses which are not statistical. Random variations 
are particularly characteristic of the changes in market conditions because 
of the effect of styles, fads, and similar influences, which vary widely from 
time to time and are difficult to analyze. 

Price Situation. — ^Among the more important parts of the market 
investigation is a thorough analysis of the price situation. This involves 
collecting adequate current and past data and analyzing them over a 
period of time. Trends, seasonal variations, cycles, and random move- 
ments, all may be important. Studies often must be made which com- 
pare the price relation of one industry to another or different parts of the 
same industry to each other. 

If prices are high in a certain locality as compared with other areas, 
or if they are unusually low, then an attempt should be made to find out 
the reasons for this condition and whether the condition appears to bo 
permanent or temporary. Since prices are determined largely by 
supply and demand, they should also be analyzed in relation to the 
purchasing power of the buyers. This is necessary in order to determine 
the quality of the product that should be pushed in any particular 
market. 

In determining whether a price should be lowered or raised, it is often 
well to compare the prices of the product under consideration with those 
of some of the commonly published price indexes. In this way, one often 
has a good indication of the general demand conditions. 

Importance of Allowing for Price Changes. — Any statistical com- 
parison of sales or other data based on dollar valuation is likely to be 
misleading unless the effect of price changes is thoroughly understood. 
The statistician of the Graybar Electric Company, writing in 1929, 
explains this difficulty in terms of his company's experience: ''The sharp 
general rise in prices brought about by the war, which affected those in 
the electrical supply field, led the Graybar Electric Company to weight 
its sales statistics so as to show physical volume of sales as early as 1918- 

^ From Business Cycles and Unemployment*' report and recommendations of a 
committee of the President’s Conference on Unemployment; short report published 
by the United States Department of Commerce (pp. 3-9), and full report published 
by McGraw-Hill Book Company, Inc., New York, 1923 (pp. xiii-xviii). 
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1919. The upward swing of prices had become so pronounced by 1919- 
1920 that had not this been done in some of the studies made, estimates of 
sales based on dollar valuation would have been 100 per cent or so out of 
the way on the basis of physical volume. And the studies would have 
been more confusing than helpful to the sales department and almost 
altogether valueless to other departments. 

‘‘This matter of price fluctuation is quite generally given considera- 
tion in connection with sales statistics. But there is a tendency to give 
it consideration only occasionally. If sales show an increase over last 
month in dollar value, many sales managers are satisfied to let well 
enough alone for the time^ being. And they do not ask the statistical 
department for an adjustment until the end of the year, or the end of 
several years, wdien there may be a rude awakening. A salesman who 
doubles the volume of his sales in a period of a year or so, as some of the 
Graybar salesmen did in 1916 and 1917, and again in 1919 and 1920, 
naturally likes to think as well of his accomplishment as possible, and 
so does his sales manager. But it does no good to keep him on a pedestal 
of false dollar value only to knock it out from under him at the end, as is 
inevitable if any great changes in prices occur. Nor is it any more 
fair to him to leave him in a ne^edlessly deep pit if prices are declining. 
Therefore, it is not only important that adjustments of dollar volume 
to physical volume should be made, but that the adjustment should be a 
continual monthly operation, 

“To take a representative commodity by way of example, an average 
carload of iron conduit, which is a staple electrical supply handled by 
the Graybar Company, was worth $1,412 in 1914. The average cost in 
1920 had shot up to $3,135, and the cost at present (1929) for the same 
quantity has dropped to $2,570. Since the requirement of this com- 
modity i)er unit of building construction has not changed materially 
in the meantime, the efficiency of the sales department is more properly 
measured by the units of merchandise than by dollar value, and it is 
apparent that the adjustment should be checked at frequent periods, 
lliis is even more true in the case of the service and warehouse depart- 
ments whose efficiency is wholly measured by the physical volume 
of merchandise handled. Their expenses are measured in current dollars, 
but for the same dollar they have to handle 22 per cent more conduit 
than they did in 1920. For, in 1920, sales of $100,000 worth of conduit 
represented only 32 carloads, whereas in 1929 that amount of sales 
represents 39 carloads; and in 1914 it represented 71. And this is but 
one example of price fluctuations in commodities in our field. 

“Of equal importance is the manner in which the adjustment is made. 
The Graybar Company has worked out a scries of commodity indices 
which it employs for this purpose, based on price changes in 19 represen- 
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tative groups of the 60,000 items that it carries. In each group, key 
commodities are selected. And the commodity index for each group is 
based on the average selling price of these commodities during each 
month. This index is applied directly to statistics relating to individual 
groups of commodities; then, for some purposes, a composite commodity 
index is employed which is arrived at by averaging the group indices and 
weighting them in accordance with the importance of each group in terms 
of sales.'^^ 

Transportation — ^Time and Cost. — Freight charges in marketing 
often amount to a considerable proportion of the final cost of the product. 
Weakness or strength in a particular market often depends upon small 
dififerences in transportation costs. When shipping goods long distances, 
it often happens that there are several routes to be considered. Water 
transportation is ordinarily less costly than rail transportation. Rail 
transportation for long distances is ordinarily less costly than truck trans- 
portation, while truck transportation competes strongly for freight that 
is hauled relatively short distances. An adequate compilation of data on 
the subject will ordinarily answer any question of cost quite clearly. 

Freight rates, however, do not always constitute the only factor in 
deciding the method of transportation that is to be used. Time is always 
of considerable importance and sometimes it is of very great importance. 
In shipping goods from one coast of the United States to the other, water 
freight rates are low as compared with rail rates but the greater time^ 
involved often prevents the use of this method. This is especially tru(^ 
in shipping perishable products. It is obvious that , transportation 
requirements vary greatly with different commodities, but the finding of 
the most economical method in the long run is greatly facilitated by the 
careful use of statistics. 

Locating Stores. — Analyses of store locations vai*y widely with the 
different types of stores. Some of the principal problems involved in 
locating a retail drug store and in locating a department store will be 
discussed briefly at this point. 

Most of the merchandise handled by a retail drug store is classed as 
convenience goods; that is, the different products are purchased at a 
convenient location. Consequently, the trade depends upon those who 
find it convenient to make their purchases there. Statistical checks, 
showing the number of persons which pass given points, will help to 
determine the most favorable locations where the trade depends on 
drop-in customers as it does in many downtown locations. If it is to be a 
neighborhood store, the number of people living in the immediate vicinity 

^ Gardiner, J. H., Statistician, Graybar Electric Company, abstracted from 
Getting the True Sales Story from Statistics,” Sales Management and Advertisers' 
Weeklyf p. 327, February 9, 1929. 
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has an important bearing. In making these surveys, careful judgment 
must be exercised in order that the data may be classified so that they will 
be most significant. It is important to know how many persons pass a 
location during the different hours of the day. Such a classification 
indicates to a considerable extent whether they are laborers going to 
work, or business people who go to work a little later, or shoppers who 
do most of their buying still later in the morning. In the afternoon, the 
first heavy movement of traflSc is ordinarily shopping traffic, which is 
followed by business people and workmen going home, and this in turn 
is followed still later by the going and coming of the theater crowds. 
Automobile traffic on heavily congested streets is ordinarily of but little 
importance as drop-in trade. In fact, the net effect of heavy through- 
traffic maybe negative, since it discourages people from crossing the street 
and serves as a barrier against the market on the opposite side of the 
street. Other factors, such as purchasing power, are just as important 
in this connection as they are in connection with the problems previously 
discussed. 

The procedure in analyzing the location for a dc^partment store is 
quite different from that just mentioned. The number of people passing 
a given location may be small and might indicate a poor location for a 
drug store, but this fact would not indicate whether or not the location 
would be a good one for a department store. In selecting a site for a 
department store, the problem is much more extensive and depends upon 
such factors as the present and potential accessibility in relation to the 
location of present and future purchasing power. It also depends upon 
its nearness to similar stores in the shopping district. Such factors as 
width of street, parking facilities, street car service, and the like are also 
of great importance. 

Specific Selection of Prospects, — After making a general analysis 
of demand, the next step is to make a specific selection of the prospects 
to be followed up. This procedure will bc^ explained by referring to the 
experience of the Standard Conveyor Company, which, by reducing its 
prospects’ list 67 per cent increased its sales 15 per cent. In referring 
to this the president stated: ‘‘Had anyone asked us a year or so ago 
how well we knew our market, it is quite possible that we would have 
pointed to our old prospect list of 120,000 and said that was the whole of 
it. It was — and then some. 

To-day, with our list of 39,000, we name as prospects only those 
companies which are specifically interested in what we, or our competitors, 
make, and which can use our products in their factories. 

‘‘That is my idea of knowing your market. When you know that— 
when you know where your goods can be sold — ^the actual selling of them 
is a clearly defined problem. 
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“ Every business has its individual peculiarities. If it is to be success- 
ful, it must have a definite place, and while its activities might enlarge, 
it cannot get outside that place. Our own business consists of the manu- 
facture and sale of various conveyors, which are of no value to some 
industries, but invaluable to others. The foremost element in deciding 
this is labor. A 12-man shop in a back room, naturally, would have no 
use for an elaborate conveyor installation which would keep production 
moving steadily. 

“Yet there was a time when we were expending sales effort on pros- 
pects which were not prospects at all, because they had not, and never 
would have, a use for our conveyors. 

“Our sales promotion manager worked nearly a year to devise a new 
method of checking our future sales. Taking our old prospect list, he 
checked it up with Dun and Bradstreet and learned that a certain rating 
would average a certain number of employed workers. This seldom 
deviated. As our product is either useful or of little use, dependent on 
the number of men employed, right there we had the means of making 
a list which would consist only of plants that would have a definite need 
for our products. Not every business can use that measuring stick — 
but almost every one can find some similar way of picking a real prospect. 

“When we had pared down our list, we checked the total number with 
the investigations of others and found it a reasonable one — ^it approxi- 
mately agreed, for instance, with the industrial coverage of certain 
publications. 

‘‘This was narrowing our selling effort to a point where it could be 
felt. It was a matter of clearing the decks for action. Our action was 
to compile an industrial census, telling us the whole story about each 
one of these 39,000 companies. When the census was completed, 
we had in graphic detail the fact that there are about 30 major indus- 
tries which we can serve. We had them divided as to industry and 
territory; if we wanted to know how many automobile manufacturers, 
for instance, were in a given territory, our industrial census gave us the 
exact information. 

“With this information at hand, when it came to selling, instead of 
sowing our seeds broadcast, we were dropping them in well-defined rows — 
what any regulated business should do. 

“Our own selling is done through territorial branch offices, and, 
through our industrial census, we have set quotas for each salesman. 
The element of the salesman entered into the setting of these quotas to 
some extent. His work for the year before was considered. But the 
main thing was — what should he be able to do? 

“Some companies bold their contact with the market entirely through 
their commercial travelers. Salesmen are given geographic territories. 
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Armed with a prospect list and such inquiries as have happened into the 
office, they arc sent out on the road. Spurred on by the burning enthu- 
siasm of a go-getter sales manager, they are given such indefinite instruc- 
tions as to work their territories thoroughly and do their best to increase 
sales. It is a matter of ‘hurrah’ selling entirely: ‘Smith sold so much 
last month,’ they are told, ‘now you go out and sell this much more.’ 
The men try it — and sometimes succeed, for enthusiasm is indeed a 
wonderful thing. 

“Yet this is not constructive salesmanship. It is like blindly shooting 
at a covey of quail with a shotgun: because they fly close and your gun 
scatters wide, you may bring down a bird or two. 

“In this kind of organization an office conference is usually held to 
determine production. The sales manager brings forth his records. 
‘Business conditions in the Midwest are good,’ he reports, ‘and the 
salesmen are cleaning up. With any luck at all, their sales should be 
such-and-such. In the West, the men are averaging so-and-so.’ And 
down through the list of territories he goes, adding up such-and-such, 
and so-and-so, and this-and-that, until he has figured what production 
should bc^ — based on w hat salesmen have been selling. 

“What a slip-shod way of doing business! What an unkind way — 
unkind to every man in the organization. A production figure is set, 
but it is not a true production figure. The men in the factory are working 
on the achievements of the men on the road a year ago. Their jobs, 
their whole lives, depend on it. The men on the road are content to 
average last year’s mark, or perhaps, carried away by the sales manager’s 
gusts of enthusiasm, to do a little better. 

“How much better it w^ould be to call the salesman aside, and 
give him a quota of sales, ‘You can sell this much,’ you would 
tell him, ‘because in your territory there are so many industries which 
are particularly adapted to the use of our products. Here are their 
names.’ 

“One of our salesmen came in not long ago, complaining about the 
quota we had set for him. ‘ It’s too high,’ he said. ‘ You’ve got me down 
to sell 7,000 feet of gravity conveyor this year, while last year I only sold 
half that much and was supposed to have had a good year.’ 

“I called in our sales manager and together the three of us went 
over this man’s territory, with our industrial census before us. ‘Look 
here,’ I said, pointing to the census, m your territory there are 46 lumber 
concerns. Now last year you didn’t sell a single lumber company, 
though every one of them is a potential user of our conveyors. Here are 
automobile manufacturers — how many feet of conveyor did you sell 
automobile companies last year?’ 

^‘In that manner we went down through the list. 
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‘I’m glad I complained, so that I could get set right,’ he admitted. 
‘ It’s a matter of directing energies. I was sort of in the dark, and this 
thing brightens up the way. I believe I can sell more than my quota.’ 
I thought he could, too — and he did.”^ 

Questions and Problems 

1. Why are marketing analyses important to manufacturers and traders? 

2. Before attempting to build up a new market, what data on the product and 
on the consumers should be collected? 

8. Are primary or secondary data most often used in market analyses? 

4. What type of study of the market should first be made? How extensive 
should it be? 

5. How accurately can the demand for, and supply of, a product be measured? 

6. How can indexes or indicators of demand and supply be obtained for specific 
products? Illustrate. 

7. How are population and purchasing-power data used in determining the 
extent and distribution of demand? 

8 . How can data on commodity stocks be obtained? 

9. Discuss the problem of determining market areas and sales territories. 

10. What factors must be considered in laying out retail trade areas? 

11. Explain how the Market Data Handbook of the United States” can be 
used in making market analyses. 

12. How would you determine what the public wants in a particular product? 
Are questionnaires reliable for obtaining the consumer’s reasons for purchase? Dis- 
cuss the difficulties involved in collecting such data. 

18. In fitting a product to the market, what kinds of investigations should be 
made? 

14. What does a concern need to know before proceeding with an advertising 
campaign? How can the information be secured? 

16. What types of data and analyses are particularly important to the sales 
management officials in: (a) national distributing organizations, and (b) department 
stores? 

16. What is the nature of a sales forecast, and how should data be obtained for it? 

17. How does stock holdover by dealers affect the manufacturer’s volume of 
sales, and how can the latter estimate his sales from dealers’ estimates? 

18. How are salesmen’s estimates used in the preparation of sales forecasts? 

19. What data does the Perfection Stove Company use in making sales forecasts, 
and how does it get the information? 

20. Why is it important that basic trends be determined as accurately as possible 
in market analyses? 

21. How are seasonal variation studies used in improving one’s position in the 
market? 

22. Why is careful analysis of the business cycle so important in the field of 
marketing? 

28. How may the business cycle affect department store purchases and sales? 


' JpONAHOWBR, H. L., President, Standard Cpnveyor Company, abstracted from 
'‘We Threw 67% of Our Prospects Overboard — and Our ^es Increased 15%,” 
System, p. 577, November 1926. 
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34 . Is a conservative policy of purchasing adequate when a boom period reaches 
a high point? How can inflation in size of orders be ascertained? Why are order 
contracts sometimes not enforced in a period of depression? 

26 . What four fields of business facts must be studied to judge the position of a 
business in regard to business cycles? 

26 . Discuss the importance of discovering random movements in market analyses. 

27 . What types of price analyses should be made in connection with investigations 
of the market? 

28 . Discuss the effect of price changes in tc^nns of the oxpericMice of the Graybar 
Electric Company. 

29 . Why is it important to make studies of time and cost of transportation? 

30 . In locating retail stores, what data should be collected? Discuss the differ- 
ences in analyzing drug store and department store locations. 

31 . How did the Standard Conveyor Company obtain an efficient list of prospec- 
tive customers? How does it direct its salesmen? 

32 . Using the “ Market Data Handbook,” make a report on the market for house- 
hold electrical equipment in the United States or in a (iertain area> 

33 . Using the ** Market Data Handbook,” analyze the market in a certain area 
or in the United States as a whole for certain products in which you are interested.^ 

34. Select a certain street comer in your city, and analyze it as a location for a 
retail drug store. ^ 

36 . Select a certain street comer in your city, and analyze it. as a location for a 
department store. ‘ 

^ See Appendix IV, pp. 671 to 712, for suggestions for organizing and outlining a 
report. 
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REAL ESTATE ANALYSIS 

Practically every one is interested in the problem of analyzing real 
estate. This interest may be from the point of view of determining 
general values or from the point of view of determining what is best for 
one^s own particular purposes. The problems of land are basic to most 
economic .activities. Its value varies in accordance with the importance 
of its use, and while it may be of considerable value for use in agriculture 
or mineral production, it ordinarily has its greatest value when used as 
buil(Ung sites. 

XisB of Statistics in Real Estate. — In order that one may determine 
as definitely as. possible whether, for instance, one piece of real estate is 
more valuable or more desirable than another, all costs considered, it is 
necessary to have as many definite measurements of conditions as can 
reasonably be obtained. There are so many factors involved in determin- 
ing the value , of a piece of real estate that it is always impossible to do so 
with 100 per cent accuracy,, but often the collection of only a few of the 
outstanding statistical facts will enable one to make a much better 
decision than could be made without them. More specific uses of statis- 
tics in real estate will be suggested from time to time throughout the 
chapter. 

pefining the Problem and Planning the Investigation.— All that has 
been said regarding the definition of the problem in connection with 
previous discussions applies with equal force to a problem of real estate 
analysis. Before undertaking a survey, the specific question to be con- 
sidered should be carefully outlined so that plans can be made to include 
the collection of as much as possible of the important information. 
Shice there, are so many factors involved, it often happens that a pre- 
Mminary analysis is of great value either in showing that it is not advisable 
or necessary to investigate further, or in showing that additional informa- 
tion should be include4, which was not considered in the original plan. 
A preliminary survey ordinarily can be made in such a way that it will 
not be necessary to duplicate the effort when a more detailed survey is 
made later. . 

: ; Supply , and Pemand.-r-In analyring; real estate situations, business 
men often find simple statements of the relation of supply and demand 

‘ ' 624 ' ■ ‘ ' 
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very valuable when such are possible. Examples of reports of this type 
are the dwelling and office building vacancy surveys made in a number 
of cities. 

Statements of real estate vacancy situations are ordinarily most 
valuable when accompanied by practical interpretations of their signifi- 
cance. In other words, what does a vacancy of 5, 10, 15, or 20 per cent 
mean? In Los Angeles, for instance, studies of the relation of supply to 
demand in office buildings showed a vacancy of 20.3 per cent on December 
31, 1926, and indicated a vacancy of 26 per cent early in 1927. The 
question naturally arose as to whether or not a vacancy as high as 25 
per cent was actually serious in a city with a rate of growth as rapid as 
that of Los Angeles. The significance of such a vacancy factor was made 
somewhat clearer by making estimates of how long the supply would 
probably last if no additional buildings were added except those already 
under construction. These estimates indicated in 1926 that even if no 
more new office space was placed upon the market, except that which 
was then under construction, there would be practically no shortage by 
1930 and there might be a substantial vacancy at that time. In this 
way, the situation was stated in a practical manner so that its significance 
was easily appreciated. (The methods of making these estimates were 
explained in detail in Chapter XVII, pages 368 to 372.) 

When making analyses such as the foregoing, however, it should be 
fully realized that the relation between supply and demand may not 
always control the situation. At the time the above Los Angeles survey 
was made, it was obvious that a number of new buildings would be con- 
structed in the face of such an unfavorable situation because of long-time 
lease agreements made during the 1923 to 1924 boom, which called for 
the erection of height limit office buildings during the following few years. 

Forecasting Demand. — Representative problems of estimating future 
demand will be considered by using various subdivision situations as 
illustrations. The methods are of general interest and will indicate how 
other problems can be analyzed. 

During the years from 1921 to 1929 there was widespread city land 
speculation throughout the country. In many cities the population 
increases had been large, but they did not justify all the gains in land 
prices. Population growth is a very important factor in determining 
real values of land, but it only partly controls the changes in prices. A 
study of this relation was made in connection with a group of Wisconsin 
cities (where conditions were relatively stable), which showed that in 
cities with less than 16 per cent increases in population from 1902 to 
1922 the increases in land prices (after correcting for changes in the pur- 
chasing power of the dollar) were roughly from 60 to 70 per cent. This 
indicates that even in stable communities, the increases in land prices 
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may be due to factors other than population growth and changes in the 
value of the dollar. 

Although great profits have been made in certain instances, the sub- 
division of city lots ordinarily involves large risks and danger of unusual 
loss. And, no matter how great the risk, it is usually accompanied by 
hopes of great gain on the part of a large number of persons who are not 
able to distinguish between sound and unsound values, and who believe 
that they are making safe investments. These errors in judgment are 
usually caused by inaccurate and inadequate information regarding the 
normal possibilities of future demand. There is always an element of 
uncertainty in such expansion due to the fallibility of human judgment 
and the lack of information in regard to the community's development. 
But this element of uncertainty can be and is being reduced by more 
careful analysis of the growth and movement of population, and of the 
trend of values, which reveals the condition of the market for home, 
factory, or business sites. In so far as real estate dealers and owners seek 
and take advantage of more complete information of this character, their 
forecasts of the needs of the community will become more accurate, and 
urban developments based on these forecasts will become investments 
rather than bad speculation."^ 

Forecasts of future demand which are based upon population forecasts 
are of considerable value in making future plans for projects which are 
related to real estate values. Methods of estimating future population 
have been explained previously. The using of these estimates in analyz- 
ing and forecasting real estate conditions will now be discussed. 

The making of demand estimates on the basis of population forecasts 
can be illustrated by referring to a survey of the Los Angeles subdivision 
situation which was made in 1924.2 Population forecasts were made 
indicating that Los Angeles City* would have a population cff 1,250,000 in 
1930, and 1,500,000 (minimum) or 2,000,000 (maximum) in 1940. 
From two independent bases, the relation of population to occupied lots 
was determined. (In this study, a lot was considered as occupied if it 
had a building on it, and it was necessary to make a correction for vacan- 
cies in buildings when estimating future demand on the basis of popula- 
tion.) Dividing the above estimates of future population by the number 
of persons per occupied lot (corrected), the estimated number of lots 
needed to 1930 was 54,855, and the minimum and maximum estimates 
of the number needed to 1940 was 107,367 and 212,390, respectively. 


^ Ely, Richard T., and Edward W. Morehoxise, ^'Elements of Land Economics,*’ 
p. 94, The Macmillan Company, New York, 1924. 

.^EberleA Biggleman Economic Service, Vol. II, No. 11, March 16, 1925. 

* Excluding outlying districte. 
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The survey showed that in Los Angeles 197,208 lots were occupied while 
156,557 were vacant. From these figures it was easy to estimate the 
relation of the supply already in existence to the probable future demand. 
In other words, the figures indicated that six years later (in 1930) 101,702 
of the then vacant lots would still be vacant if no more lots were sub- 
divided, since there was a probable demand for only 54,855 out of the 
total vacant of 156,557. Carrying the estimate forward to 1940, the 
figures indicated that if no more lots were subdivided, 49,190 lots would 
still be vacant on the basis of the minimum population estimate and 
there would be a shortage of 55,833 on the basis of the maximum. While 
such figures indicated a very unfavorable investment situation on the 
whole, it was obvious that still greater allowances would have to be made 
because it was certain that many more new subdivisions would be laid 
out. This point is important because there is a strong tendency to lay 
out new subdivisions and sell them through well-organized aggressive 
sales methods, while owners of individual lots are unable to apply such 
aggressive sales efforts, and, consequently, their lots remain unsold and 
undeveloped. 

It is difficult to say just what proportion of lots should remain vacant 
for the best interests of a community under the present economic system. 
The ideal of 100 per cent occupancy is, of course, not possible. Further- 
more, the proportion vacant would normally be larger in a rapidly growing 
community where there is greater chance of gain due to the increase in 
land values. It does not seem necessary from an economic point of view, 
however, that a community should carry an overhead burden in vacant 
lots of 44.25 per cent, as was the case in Los Angeles City (excluding 
outl 3 dng portions) in 1924. In the outlying districts, 62.12 per cent of 
the lots were vacant and it was probable (on the basis of the minimum 
and maximum demand estimates) that between 40 and 20 per cent would 
be vacant 16 years later, in 1940, even if no more lots were subdivided. 
Students of business economics readily appreciate that such a tremendous 
unnecessary overhead burden in the form of frozen investments in unpro- 
ductive property has an unfavorable effect upon the business of the 
community. 

Reasons for Expansion. — In making a statistical analysis of real 
estate, it should be realized that the subdivision of lots is economically 
legitimate only when they are needed as sites for additional homes, busi- 
nesses, industries, or public purposes. This, of course, includes the 
margin of vacant lots necessary to provide for the la 3 ring out of large 
tracts, etc. An excessive proportion of vacant lots is an economic drain 
on a community and has no advantages. If capital is invested in pro- 
ductive industries instead of in unproductive lots, the result is to attract 
more persons ta the territory because of the added demand , which is 
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created for labor, capital, and management, which, in turn, creates a 
demand for more site land. 

Ripening Costs in Land Utilization. — ^Land, which is taken out of 
agricultural use, subdivided into lots, and held until it is needed for a 
home, factory, business, or public site, is said to be ripening into use.^ 
That is, a certain portion of land must be held vacant during the transi- 
tion from a lower form of use to a higher form of use. To convert farm 
land into occupied city lots takes time and waiting. This is necessary, 
providing the subdivision itself is necessary. 

The reason why many investments in lots are so poor is that the costs 
of waiting are underestimated. A long period may be necessary for the 
lots to ripen into use, while the investor too often expects to get his princi- 
pal back, with interest and profit, in a short time. The average person 
who invests in lots does not keep careful accounts and does not make 
careful estimates of the costs of carrying vacant land. Hence, there is a 
tendency to underestimate the costs of taxes and special assessments 
and to neglect to make due allowance for a fair rate of compound interest. 

. It is not generally realized that the costs of carrying vacant land 
through a ripening period are so great that a sound financial position as 
well as foresight based on careful forecasting is necessary if the investment 
is to be profitable over a period of time. Enormous profits are made on 
land at certain times in certain localities, and these instances are given 
wide publicity and emphasis in the high-pressure^' selling methods of 
real estate salesmen. Underestimates of the costs and overestimates of 
the increases in land values on the part of the average person place him 
in an attitude of mind where he is likely to make many unprofitable 
investments. 

Costs of Canying Vacant Lots. — In the Los Angeles vacant lot survey 
previously mentioned, the cost to the community of carr 3 dng the vacant 
lots was' estimated. Based upon the assessed valuation (corrected for 
differences between assessed values and real values), the value of the 
vacant lots in Los Angeles County was then $1,100,000,000. Since the 
cost of carrying unproductive city lots averages not less than 10 per cent 
per annum, the cost of carrying the lots vacant in Los Angeles County 
in 1924 was at least $100,000,000 annually. If any increase occurred in 
land values during the year, the above cost would, of course, be reduced 
by the amount of this increase. The significance of the vacant lot 
situation may be better realized by making a comparison with other 
industries, which shows that the total value of vacant lots in Los Angeles 
County in 1924 was approximately four times as great as the amount of 


‘ ^ See Richard T. Ely, and Edward W.* Morehouse, Elements of Land Eco- 
nomics,^’ pp. 95-97, The Macmillan Company, New York, 1924. 
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capital invested in manufacturing industries of that county at the time 
of the 1919 census of manufactures. 

Lots as Investments* — ^Although, in certain instances, fortunes have 
been made because of increases in land values, investment in city land, 
especially if it is vacant, requires careful and skillful analysis and selection 
if the net gain is to be greater than the compounded interest on a savings 
account. A careful investigation covering vacant tracts in New York 
City for a 42-year period showed that the holding of vacant land is not 
a profitable form of investment, except for short periods of time in 
exceptionally favorable locations. Similar conclusions have been reached 
in other studies of land values. The publicity given to the small propor- 
tion of extremely profitable land investments and the general lack of 
adequate knowledge regarding carrying costs influence the small investor 
or speculator, who is not able to discriminate between good and bad 
locations, to pay prices for vacant lots which discount increases in value 
for many years to come, and actually leave him a practical certainty of 
heavy loss when all costs are counted. While the average person believes 
that it is a simple problem to make good investments in city land, this 
is probably one of the most technical and involved types of investment. 

One very important factor, which must be recognized in investing in 
lots, is the aggressiveness of other lot holders in the community. That 
is, for instance, a subdivider, who has the necessary financial resources, 
may lay out lots in a poor location. These lots may be occupied before 
other lots in a better location, because of the deliberate and well-planned 
advertising and selling methods which actually serve to create a preference 
for the less desirable property. The less desirable property then becomes 
the more desirable property. 

The rapidity with which costs accumulate should also be realized. 
Carrying costs on vacant lots are seldom less than 10 per cent annually. 
On a 10 per cent basis, since an amount doubles in approximately 8 years 
at this rate when compounded annually, a lot owner who purchased a 
lot at $2,000 would have to receive $4,000 at the end of 8 years, or $8,000 
at the end of 16 years, in order to receive back his original investment, 
carrying costs, and a fair rate of interest. 

SpeQulation in Site Land. — Much of the buying of land is speculation 
of the most pronounced kind. In many of these instances, of course, the 
buyer feels that he is making a conservative investment. Many trades 
take place at prices which cannot be justified on the basis of accurate 
data. For instance, in a certain community, it may be possible to build 
and fill one apartment house. If this is done, however, the tendency is for 
all of the other owners of similar lots to feel that their lots are worth 
large amounts as sites for similar buildings, even though there is little 
probability of filling them. 
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The pressure of speculative building is an important factor in con- 
nection with site land prices. If one buys an apartment-house lot at a 
price which is justified only as an apartment-house site, he cannot hope 
to receive a fair return upon his investment unless he places an apartment 
house upon it. If he does place an apartment house upon the lot, it may 
be impossible to fill it. A survey of the situation in Los Angeles in 1926, 
for instance, showed that within a two-mile radius of Westlake Park 
there were enough apartment-house lots to care for over eight times the 
apartment-dwelling population of the city. 

One of the principal reasons for the inflated prices of many residential 
neighborhood lots is found in the magic effect of the words ''income 
property” or "business property,” regardless of whether or not there is 
any reasonable possibility of using the property for purposes which will 
yield an income. Referring again to the above-mentioned survey of 
Los Angeles, it was shown (1926) that there were enough apartment-house 
lots within a six-mile radius of the intersection at Pico and Hoover Streets 
to accommodate almost three times the total population of the city, if 
one placed an average of only five families on each lot. 

The same kind of maladjustment often occurs in neighborhood busi- 
ness property. In Hollywood, for instance, only 7.0 per cent of the occu- 
pied land was actually used for business sites (1926) while 16.3 per cent 
was zoned for business and held at business site prices. In some 
areas, the proportion of apartment-house dwellers will increase to the 
extent that all of the business property will be used, but in others the 
restrictions are such that the population in the area can never increase 
to the extent that all of the business property can be used for business 
purposes. 

The efforts of the better class of realtors, city planning commissions, 
and others who are attempting to prevent the zoning of land for purposes 
for which it cannot be used for a great number of years, if at all, should 
receive the strong support of all who are interested in sound land values. 
If a community's development is to be the most rapid and sound, the 
speculators who are holding land for practically impossible purposes 
should be replaced by those who will actually use the property as home 
sites or for other economic purposes. 

Trefids, Seasonal Variations, Cycles, and Random Movements. — The 
importance of considering trends, seasonal variations, cycles, and random 
movements has been emphasized from time to time in connection with 
previous discussions. In most analyses, it is not necessary actually to 
compute these changes, but it is necessary in nearly all cases that the 
movements be appreciated at least in a general way. Often, if the data 
are presented graphically, these different types of variations can be 
observed to a degree that is accurate enough for practical purposes. 
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Since wrong assumptions regarding the trends and cycles have been * 
responsible for so many mistakes in analyzing real estate, these mover 
ments will now be considered in some detail. 

Long-time Trends in Real Estate. — There are many conspicuous 
examples of steep upward trends in real estate values. It is extremely 
important, in analyzing real estate values, that one discover any changes 
in the trend as soon as they occur, if possible, and that one does not confuse 
the upward swing of the business cycle with the long-time trend. It is 
generally known that there have been large and rapid increases in the 
values of lots in the large American cities during the last decade, but it is 
not generally known that some of the values were less at the time of the 
1929 boom than they were 20 years earlier. Los Angeles, for instance, 
enjoyed a very rapid rate of growth from 1910 to 1930, but this 
should not have been taken to mean that all values increased as rapidly 
as those which were commonly given publicity. In an investigation of 
down-town business lot values in this city, made in 1926,^ data on the 
assessed valuations of a representative number of corner lots were 
gathered and the average increases oyer a 20-year period were computed 
for each of eight different sections. The increases varied from practically 
nothing in one of the sections (which is the oldest part of the Los Angeles 
down-town business section) to an increase of nearly 700 per cent in one 
of the newer down-town sections, where the lots were worth practically 
800 per cent of their 1907 value. A large part of the increase in this last 
section was undoubtedly cyclical, though many purchasers proceeded 
on the assumption that it was principally basic trend. The opportunities 
to gain through long-time increases in city land values may be good in 
many locations, but the investor should take care that he does not 
purchase a lot in a location which has reached its peak and which is 
not only experiencing a cyclical decline, but which has also had an 
unfavorable change in the long-time trend. 

When considering trends in vacant land values, it is important to 
determine whether or not there is any net gain over a period of time— 
that is, whether or not the increases due to long-time trend more than 
offset the carrying costs. The fabulous increases in certain down-town 
New York land values are commonly referred to by real estate salesmen 
when selling property in large cities. However, there is another side to 
the question which is not so commonly discussed. A careful investiga- 
tion has been made covering the history of vacant tracts in the city of, 
New York for the years 1880 to 1921 together with the history of the 
number of tracts that were subdivided and sold as lots. This report 
gives the following conclusions: ‘‘(1) A large part, and in some cases, 


^ Eberle & Riggleman Economic Service, Vol. Ill, No. 47, November 22, 1926. 
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all of the increase in the value of vacant land is offset by actual payments 
to the city in the form of taxes and special assessments with interest 
thereon. (2) These charges have increased rapidly within recent years, 
and at the same time the rate of increase in land values has fallen. (3) 
The holding of vacant land is not a profitable form of investment, except 
for short periods of time in exceptionally favorable locations. (4) 
Purchasers of outlying vacant lots at public auction almost invariably 
pay prices which discount future increases in value many years to come, 
and leave to the purchaser a practical certainty of heavy loss.'^^ 

The increases in the prices of lots during the period from 1913 to 1920 
were emphasized by the rising general price level. This must be carefully 
observed in analyzing trends of real estate prices, as well as trends of 
other prices. 

The foregoing discussion does not mean that investment in city land 
is not profitable, but it does mean that a careful analysis should be made 
of long-time trends before investing. And it means that the up-swing 
of a business cycle must not be confused with the trend. Many very 
profitable investments have been made in city land and there is no reason 
to believe that they cannot continue to be made if the locations are 
carefully and skillfully analyzed. 

Real Estate Cycles. — Almost every major cycle of prosperity in this 
country is accompanied by a high degree of real estate activity. This 
often takes the form of a boom in certain localities. In fact, some of our 
greatest booms have been those that were based on real estate specula- 
tion. The ‘‘crowd,” including some of the most highly successful 
citizens of the area concerned, is carried away by the enthusiasm which 
accompanies the vast increases of wealth that are thrust upon the lucky 
ones. Those who actually understand the economics of the situation 
are in the minority. 

An outstanding characteristic of both real estate and building cycles 
is that they are several times as great in amplitude and length as the usual 
general business cycle (see Exhibit 207, which shows real estate cycles 
since 1800 and building cycles since 1830) . Real estate and building cycles 
tend to be from 16 to 20 years in length, while the general business cycle 
tends to be only a few years in length. Recognition of the difference 
between the tendencies of real estate and building cycles on the one hand 
and those of the general business cycle on the other is imperative in any 
analysis of real estate conditions. An outstanding aid in analyzing cur- 
rent cyclical conditions in real estate is The Real Estate Analyst^ a national 
economic service devoted entirely to problems of real estate, which was 


^ Akneb, G. B. L., ^^Land Values in New York City,” Quarterly Journal of Eco- 
nomieSy Vol. XXXVI, pp. 545-680, August 1922. 
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described briefly in Chapter XVII on Business Forecasting, page 
391. 

There have been many real estate booms in the United States during 
the past 100 years. From 1834 to 1837 the valuation of the property 
in Mobile, Alabama, increased from $4,000,000 to $27,000,000. After 
the panic of 1837 the values decreased more rapidly than they had risen. 
During this same period (a few years before 1837) people were coming 
into the State of Illinois so rapidly that it was believed that cities would 
spread all over the prairie and that there would be no farming land left. 
City lots were laid out on what are to-day the most isolated farms. 
Lands were sold for more than their present value and for more than 
fifty times their value at that date.^ In 1919, farms were selling in Iowa 
at $300 to $400 per acre. In 1930, these same farms were being sold at 
from $100 to $150 per acre. 

One of the most spectacular real estate booms of recent years was 
the Florida boom of 1925. In Miami, where the boom centered, business 
lots were sold at prices which were greater than the prices for the best 
lots in cities from ten to fifteen times as large. It was estimated that one 
subdivision alone near Miami would require approximately one billion 
dollars of annual income to support the residential land values, whereas 
the entire annual income of the United States at that time was only 
approximately seventy-three billion dollars. The Florida boom also 
reached a very high stage in many of the smaller towns and villages. 
For instance, in Lake Wales, an interior town of 2,747 persons (1925 state 
census), a business lot about two blocks from the center of its business 
district was sold for $800 per front foot and another lot was sold for $1,000 
per front foot. In towns of this size, a business enterprise can seldom 
produce enough in a specific location to warrant paying more than a few 
thousand dollars for the entire lot;. From the overoptimistic situation 
which accompanied the boom, Florida passed abruptly into a severe 
period of depression. With her undeveloped land, mineral, climate, and 
beach resources, Florida undoubtedly has a steep upward tendency in her 
long-time growth, and the depressed conditions are as unrepresentative 
as were the conditions of the preceding boom. 

Random Movements in Real Estate. — In analyzing real estate cycles, 
it is not only necessary to make the usual distinction between minor 
cycles, which recur every few years, and major cycles, which occur only 
once or twice during a business generation and sometimes they do not 
occur this often, but it is also necessary to identify the random move- 
ments. The type of boom which a community may experience due 


/ 1^ Ivan Wbight, *^Fann Mortgage Finance,” p. 5, McGraw-Hill Pook Com- 
pany, Inc., New York, 192$. 
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to the building of a railroad or the opening up of new lands in some 
instances may never be repeated, and consequently it is important to 
recognize that such a boom is not cyclical. More extreme examples 
of random movements are the booms which accompany the development 
and exhaustion of natural resources, such as the oil booms in Oklahoma, 
Texas, and California, or the mining booms which caused such cities as 
Rhyolite, Nevada, to flourish and decline. (Rhyolite, once a city of 
several thousand persons, now has no human inhabitants.) 

The determination of whether or not a boom is cyclical depends upon 
whether or not the natural conditions and other factors are such that the 
condition can be repeated. Florida, for instance, still has the same 
climate, the same advantageous location, and the same other economic 
factors which constituted the principal bases for the development result- 
ing in the boom of 1925, and, therefore, it is practically certain that other 
cycles will follow, though it may be some time before another boom 
occurs which will be as extreme as the last one. Rhyolite, on the other 
hand, no longer has the mineral resources, as far as is known, and has no 
other bases for development. Its boom was distinctly a random one, 
and consequently cannot be expected to recur. In the development of 
most communities, however, cyclical and random movements occur 
together, and while it is not possible to isolate the two movements com- 
pletely, they should be determined as accurately as possible. 

Control of Real Estate Cycles. — In analyzing an economic situation 
ill real estate activity, it is important to note the degree of control that is 
exercised by those who appreciate the real situation. In a boom, there 
are many who have had wealth thrust upon them, but who believe that 
their success is due to their ability, and these men do not hesitate to give 
advice and make recommendations which are thoroughly unsound, but 
which are readily believed by the unwary public. While those who 
appreciated the situation in the Florida boom published much sound 
economic information for the guidance of buyers, they had but little 
actual control over the unsound publicity and exaggerations that were so 
widely broadcast. In this boom, one of Florida's newly made mil- 
lionaires, posing as an authority on the economic questions of the area, 
described the port at Miami as the future great Pan-American port of 
the Atlantic," which will “grow into something far greater than New 
Orleans, Galveston, or Savannah," and many persons believed that this 
development would take place within a few years. (In 1926, the New 
Orleans foreign tonnage was approximately 75 times that of Miami.) 

An example of a city which grew rapidly after the World War, 
but in a remarkably steady manner, is San Diego. There was no boom 
to correspond with the Los Angeles boom of 1923 or the Florida boom of 
1925. The growth of San Diego was accompanied by a much more 
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conservative attitude than that which characterizes a speculative 
boom. When activity reached a high point in the cycle in 1926, certain 
interests made exaggerated claims regarding the fortunes that could 
be made in San Diego real estate, but there was a very strong sentiment 
against such practices, which was effective in preventing inflation of the 
type that was characteristic of the Los Angeles and Florida booms. It 
is said that much of the acreage that was annexed to the city was added 
for the purpose of preventing improper street work, building, etc. An 
idea of the difference between the 1926 prosperity in San Diego and the 
1923 boom in Los Angeles is given by the per capita building statistics 
which were $150 per capita in San Diego and $250 per capita in Los 
Angeles. By 1928, both cities had declined to approximately $100 per 
capita. 

Land and Building Vacancy Statistics. — The importance of knowing 
the relation between the supply of and the demand for various types of 
land and building space in connection with analyzing retail and other 
markets fof commodities, investment conditions, and general business 
conditions, as well as the real estate situation, has been indicated 
previously. To determine such relations, it is ordinarily necessary to 
make a field survey. Often the problem of expense makes it impossible 
to make a complete enumeration, and the method of sampling must be 
used. When determining the vacancy situation in apartment houses and 
ofiice buildings, it is necessary to cover practically all, or at least a large 
proportion, of the individual buildings, if the figures are to be representa- 
tive. A substantial field sample, however, of single dwellings, neighbor- 
hood stores, and other small buildings which are present in large numbers, 
will indicate the vacancy situation in these structures accurately enough 
for many purposes. In some instances, other data can be used as an 
index of vacancies. For example, the percentage of idle gas meters has 
been used in certain Ohio cities, and, in London, England, the records of 
the percentages of idle water meters furnish an index of vacancies since 
1871.1 

Most of the vacancy (or occupancy) surveys that have been made in 
the various communities were directed by local real estate boards, but 
such surveys have also been made by post offices, police departments, 
housing associations, universities, banks, public utility companies, and 
other organizations. Very often, however, the best results can be 
obtained by a joint committee representing the different interests in the 
community. Some of the more important points involved in making 
vacancy surveys of buildings will now be considered. This description of 

^ For the London index of idle water meters, see George F. Warren and Frank A. 
Pearson, “World Mces and the Building Industry,” pp. 127-129, John Wiley & Sons, 
Inc., New York, 1937. 
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the methods and technique of making building vacancy surveys indicates 
the procedure that may be followed in a cooperative project directed by 
a joint committee, and as such will serve as an example in making many 
other types of surveys which could not be undertaken by an individual 
concern or organization. The need for various types of primary data 
that may be gathered in this manner quite commonly arises when an 
economic survey of a community for development, marketing, or other 
purposes is undertaken along the lines suggested in the outline for a 
city commercial and industrial survey presented in Appendix IV, pages 
671-712, inclusive. Under the cooperative plan the first step to be taken 
by the various interested parties is to organize a survey committee.^ 

Organizing an Occupancy Survey Committee. — A local occupancy 
survey committee should include interested representatives from such 
organizations as the local real estate board, the city planning commis- 
sion, the post office, the city government, mortgage bankers' associa- 
tion, chamber of commerce, building owners' and managers' association, 
apartment house association, builders' exchange, telephone and other 
public utility companies, health councils, and university bureaus of eco- 
nomic research. There are many other organizations which might have a 
definite interest in the compilation of occupancy data. This committee 
might well be organized on a permanent basis with a chairman, vice- 
chairman, secretary, or other officers. 

Planning the Survey. — In making a vacancy survey, it is important 
to lay out a careful plan of how the work is to be done and what is to be 
included with due regard for the probable use that will be made of the 
data. In making this plan, one should carefully consider the following 
questions : What will be the scope of the survey? How will it be financed? 
How will the field data be collected? How will the data be tabulated? 
And how will the data be presented and reported? It is desirable in 
many instances to include an analysis with the report for those who wish 
to use it as an aid in making their own special applications of the data. 

Financing an Occupancy Survey. — In making an occupancy survey, 
it is important to utilize available information, as far as possible, in order 
to keep down expenses. In most instances a successful survey depends 
upon a considerable amount of contributed help. Such assistance can 
often be contributed by business, governmental, and civic organizations 
with very little sacrifice, where it would be impossible to raise the funds 
necessary to hire regular enumerators. With the proper organization 
and use of contributed help, a survey of a large city, which otherwise 
would cost several thousand dollars^ can often be completed at a cost 

‘ This description of methods of making an occupancy survey is abstracted in part 
from “How to Make an Occupancy Survey,” prepared by the United States Depart- 
ment of Commerce and published by the National Conference on Construction, 
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of a few hundred dollars, and a survey of a small city can often be made 
with practically no cash outlay. 

Conditions will vary from city to city and from time to time in the 
same city, but a rough idea of the cost involved may be obtained from 
estimates of the cost of a survey of St. Louis, which covered the number 
of units occupied, vacant, and under construction, and the number of 
extra families, all by classes of buildings for 128 districts of the city. 
These estimates are presented in Exhibit 208. 

Determining the Information to Be Gathered. — Before an occupancy 
survey is started, careful consideration should be given to determining 


Cost of* Making Occui^ancy Survey in St. Louis 



Actual 

cost 

Estimated cost 
if all work 
were paid for 

Supervision 

$ 00* 

$ 1,000.00 

Gathering field data 

oot 

50.75 

12,000.00 

50.75 

Labor for punching cards 

Sorting and tabulating 

oot 

309.00 

300.00 

Copying and checking tables 

309.00 

Printing forms for field records 

187.34 

187.34 

Printing reports (3,000) 

108.25 

108.25 

Other costs (maps, drawings, etc ) 

150.00 

150.00 


Total 

805.34 

14,105.34 



* Contributed by Albert Wenslick Real Estate Company, Research Department, 
t Work done by Post Office. (Because of the familiarity of letter carriers with conditions in their 
districts, they are sometimes able to fill ont the occupancy survey cards with but relatively little effort 
and at but little or no extra cost to the Post Office.) 

t Use of sorting and tabulating machines contributed by International Business Machines Corpo> 
ration. 

Exhibit 208. — The above table illustrates how, by use of contributed help, surveys can be 
made which might be difficult if not impossible to finance oh a -direct cash basis. 

just what information is desired. Frequently omission of desirable 
information is discovered after the survey has been completed. Care 
should be taken to guard against any such omissions. In determining 
the types of information that the survey should show, it is well to set up 
dummy tables with appropriate headings and stub-items, and then, 
working backward from these tables, make up the schedules and other 
forms in such a way that the desired information may be procured. 

Unit of Measurement. — In making practical occupancy surveys of 
residential and neighborhood buildings, it is necessary to use a unit of 
measurement which is easy to apply in the field and which is readily 
understood in analyzing the data. Ideally, it might be desirable to use 
such units as square feet of usable area, but practically, especially in 
the case of reddential buildings, it is doubtful if the interpretations and 
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applications would be any better than when a simple count is made on 
the basis of accommodation units. That is, for most purposes in making 
occupancy surveys of residential and neighborhood business buildings 
(but' not large office and industrial buildings), it is practical and usually 
desirable, in order to save expense, to collect the data on a basis of the 
number of units. In residential buildings the unit is the space designed 
for and ordinarily occupied by one family. In neighborhood stores and 
neighborhood office buildings, a unit is the space ordinarily designed 
for and occupied by one concern.^ 

Area to Be Included. — One of the first questions to be decided is that 
of the territory to be covered. It is important to give due consideration 
to the outlying districts. These districts arc often excluded to save 
expense and later when back information on tlie outlying areas is needed 
for comparative purposes, it is not available. The official boundaries 
of cities are not ordinarily satisfactory as boundaries of the areas which 
should be covered by occupancy surveys. 

Areas by Which Data Are to Be Recorded. — In analyzing local 
situations it is very important to have the data recorded by small sub- 
divisions of a city. Different districts in a city do not grow at the same 
rate, and conditions vary to a great extent from one part of the city to 
another. One part of a city may be declining while another is growing, 
and still another is standing still. 

The number of small areas into which a city should be divided will 
vary with the size of the city. It is probable that the average area should 
contain not more than 5,000 or 10,000 people, allowing for increases for 
the next decade or so.^ Population and area of these unit districts will 
vary considerably in any one city, but an attempt should be made to lay 
out each district so that the conditions within it will be as uniform as 
possible. In determining these unit areas, it is not feasible to use postal 
districts or city wards because their boundaries are often changed. 
Probably the best unit area basis for taking vacancy surveys is the 
‘‘census tract.” The boundaries of census tracts are permanent, which 
makes the area a valuable one, not only for the collection of census and 
occupancy data, but also for the collection of other types of data by the 
various organizations in the city. 

Date of the Survey. — In determining when to make an occupancy 
survey, there are many points which should be considered. In the first 

^ It is desirable in the more complete surveys of store, office building, or industrial 
space, especially if the buildings are large, to record space on the basis of square feet 
of rentable area rather than units. 

* The average population per census tract in the nineteen cities which are on a 
census tract basis is from approximately 2,000 to approximately 16,000. Ten of 
these cities, however, have tracts with an average population between 3,000 and 7,000. 
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place, consideration should be given to whether the survey is to be 
taken annually or at other intervals. The value of a survey is greatest 
if it is taken at regular frequent intervals so that comparisons can be 
made with past dates and so that trends and changes can be studied. 

Every month in the year has been used as a survey date, but the most 
popular dates are in the autumn and in the early spring. A survey taken 
in January or February gives late data for the use of real estate men and 
others who are analyzing the spring market for building space. How- 
ever, the financing of large-scale building projects and, to a certain 
extent, other building projects, is ordinarily arranged before the end 
of the calendar year, and if the vacancy information is to be used in build- 
ing up a case with a financial institution, or if it is to be used by the 
financial institutions in analyzing conditions, it must be available before 
the first of January. 

Classification by Types of Structures. — It is important to report 
vacancy conditions by types of structures. The classification of major 
types of residential and neighborhood-business buildings might be as 
follows: Single houses (‘‘freestanding’^? horizontal double houses^ 
(sometimes called “semi-detached”), row houses,^ vertical two-family 
houses (one family over the other), flats, apartment houses, living quarters 
over stores, neighborhood stores, and neighborhood offices. ^ Local 
conditions will undoubtedly make necessary some variation in these 
classifications. Sometimes one or more classifications can be dropped, 
and sometimes it may be necessary to add one or two classes in order to 
meet local requirements. In many instances it will be advisable to sub- 
divide the preceding major classes. 

Standardized Terms for Types of Dwellings. — In cooperation with 
the National Association of Real Estate Boards, the Mortgage Bankers’ 
Association, the National Association of Building Owners and Managers, 
the American Statistical Association, and other organizations interested 
in improving occupancy surveys, the United States Department of Com- 
merce has suggested the dwelling designations shown in Exhibit 209. In 
arriving at these standards, the secretaries of real estate boards and other 
interested individuals throughout the country cooperated in dividing all 
residential buildings into the major types illustrated. In many cities 
it will be advisable to have subclasses under these major types. For 
instance, in Los Angeles it is desirable to classify single houses on the 
rear of the lot separately from single houses on the front of the lot for 
the treason that there is a major distinction between the desirability of 
these two subdivisions of the single dwelling class. In St. Louis and other 

^ In some cities units are owned separately, in others this is not customary. 

* In most of the large cities the local office building owners’ and managers’ associ- 
ations have made extensive surveys of office space occupancy on a rentable area basis. 
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THE TERM "UNIT, 


MAJOR CLASSES OF DWELLINGS 

AS USED BELOW, DESIGNATES ONE FAMILY ACCOMMODATION 


^rpieid cdMnotBrlrtlMt Inildiac 

ooeapaaor ^ oaa faall/ * evdiawily 1 or 2 st«rl«a. 

STAinURD TXRMi Bliucle home 
LOOAL THRU: 

lota I SoMtiMO It io adTloablo to aaka 
•eparata elasaifieatioaa for hoataa on tha froat 
of tba lot aad hoaaoo on tba roar of tha lot. ia 
aaattar of ooaraaiaaoa. alaela hoaoea Ohleh ara 
aoad ao roaaiag hoaaao, or ahidh ooatala ll^t hoaao- 
kaapiag aooaaaiodatloaa ahoro aajor atraotural altar- 
atloaa haira not baaa aa4a ara laoludad ia tha 
olaaaifioatloB, "aii^la hoaaao.* 



Ijrpieal charaotorlatieoi haal. aot ftunlAad • 
BO jMltor aorrloa - fMooatli laAtriAadL ootaUa 
OBtranoao . orAiBarlly 3 to 6 oalt oapaaltir 2 
atorloa, tat aoaatiaaa graator Btabor of aaito aaA 
aa hi^ aa 3 and ovob k atorioo. (fto haaty dahhad 
liaaa Oho* tha dinoioaa tataooa vaita.) 

STAHOARD TIRKt flat 


lotat loo aota at bottoa of aaotloB 6. 



Siploal dharaotoriatieat too faally oaita 
staadiae alda hj aida - ordiaarilor 1 or 2 sterlai. 
(Iha haaty dathad llaa ahoao tha dlrloloa hatoaoB 
oaita.) 

•TAHDARD TIRKt Horleontal doubla houee 


typioal eharaotarlotiooi haat 
fOraiahad - haa Jaaltor oarrloa - 
Jolat aaia aatraaoa - ooaally 
haa alaaatar oarvioa (tat aot 
alaitao) - ordiaarlly aora thaa 
10 failly oaita. 

STARSARD TIRKi Apartaent houee 


lotat It ia OBciaatoA that tha diTlaloa tataooa 
olaao 3 aad elaao 6 ia aorthara oitioa aiqr ta aada oa 
tha aiagla haaia of taothar or aot haat ia fOraitbad. 
Xa ooathora oitiaa tha dlotiaotioa aoy ta aala oa tha 
Vaoia of Obathar ar aot Jaaitor oarrioa ia tanddiad. 


lypioal oharaotariotiooi aararal 
oaita tailt toeothar ia a row - 
iadiTidoal ootaida aatraaoao. 


STAKDARD TIRKt flfiw houee 


laaidaatial taartora oTor 
atoraa - oaoally aoa ataiy 
owar atoro. (Bo aot iaoloda 
apartaaat haaaaa taioh have 
atoraa oa tha gronad floor.) 

STAKDARD TIRKt Lloliuc 



Other laportent typee in your 
olty that oennot be inoluded in the 
blneeee illuetrated eboTe. 



lypiedL ehanotoriatiooi two faaily oaita - 
oaa ewar tha othor. (Tha hoacfy dadhad liaa taowa 
tha diTlaioa botwaoa oaita.) 

STAKDARD TTRKt Vertfeal two-faaily houee 
LOOAL TIRKt 


Exhibit 209.~ Questionnaire used by the United States Department of Commerce in 
obtaining information on local terms applied to different types of residential structures. 
The ** standard terms” are those which were recommended for types of dwellings for 
standardised vacancy surveys. This system provides for the addition of any special types 
which may be of local importance. 
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cities it is advisable to distinguish between two-family flats and all other 
flats. Likewise, in many cities it is desirable to keep regular apartment 
houses and apartment hotels separate. 

It is obvious that there are many line cases or ‘‘in between^' types, 
which are not readily classified according to the types listed in Exhibit 
209. Unless such a type is an important one it is suggested that it be 
included in the most nearly related class. If this classification is not 
feasible, it will be necessary to carry an additional class. In Los Angeles, 
for example, the bungalow court is common. Although it might be 
possible to' include the bungalow court in one of the major classes shown 
in Exhibit 209, its inclusion probably would not be desirable, because, 
from the point of view of land occupied, size of building, class of tenant, 
etc., it is a distinct type. In this city, therefore, it is undoubtedly 
advisable to add a class called “bungalow courts.’^ In New York it 
may be desirable to add another class to take care of tenement houses; 
but in many cities it would be possible to include tenements with flats 
or apartment houses by merging them or by making them a subclass. 

In most cities there are several kinds of dwellings which might be 
considered as separate classes, but which, for practical purposes, are diffi- 
cult to classify satisfactorily because of changes in use. For instance, 
there is the rooming house, the fraternity house, the house with light 
housekeeping rooms, and the like which might be recorded separately 
for certain purposes. Because of the difficulties involved, however, it 
is usually customary to include each with the most nearly related type 
of dwelling. Unless there are strong reasons to the contrary, therefore, 
the rooming hpuse or the house with light housekeeping rooms, if it is a 
single house structurally, would be included with the single family houses, 
and, if it is a double or row house structurally, it would be included with 
double or row houses. 

In working out the classifications presented in Exhibit 209, an 
attempt was made to standardize the classifications that could be used 
for the entire country and, at the same time, to avoid interference with 
local customs and usages. The classifications are based upon the dis- 
tinctions that are most commonly made between the different types of 
buildings. They .are not based upon structural differences alone. The 
distinction between a flat and an apartment house is often made according 
to qualities other than type of structure, although size of building is 
usually closely related to these other qualities. For instance, in the class 
of buildings called “flats,'' ordinarily heat is not furnished and there is no 
janitor service; frequently they have individual outside entrances, 
and they are usually from three to six units in capacity. Apartment 
houses, however, as a rule have heat furnished; they have janitor service; 
they have one or more joint entrances; they commonly have elevator 
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service; and they are usually larger buildings than flats. Ordinarily it 
will not make much difference in which class doubtful cases are placed 
because they are closely related to both classes. There should be no 
difficulty, however, in differentiating between most apartment houses and 
most flats. 

Occupied and Vacant Units. — It is important to have the total number 
of occupied as well as vacant units in order that percentage relations may 
be determined. 

The question sometimes arises as to just what the words ‘‘occupied^' 
and vacant '' mean. In most cases there will be no difficulty, but in 
some instances questions will arise. If a house is temporarily closed, 
while the occupant is on a vacation, it should not be counted as vacant 
unless the space is actually on the market. If, however, certain unoccu- 
pied space is under lease, and is considered as ^'not vacant” by the 
owner, and if at the same time the lessee is trying to sublet the prop(»rty, 
it should be considered by the enumerator as vacant. One should watch 
for such conditions when obtaining vacancy information from apartment 
house managers and office building managers, since in some instances 
they consider their buildings fully occupied if all of the space is leased 
even though tenants may have moved out and the space may actually 
be on the market. 

Buildings under Construction. — It is obvious that data on buildings 
under construction are important in analyzing the vacancy situation. 
These buildings should not be counted as vacant because they are not 
ready for occupancy. Such data indicate the immediately potential 
supply and, if no change occurs in demand, the supply of vacant space 
will be augmented to the extent of these buildings when completed. 

Again we have the question of classification. When should a building 
be classified as ‘‘under construction”? A portion of an apartment house 
may be furnished and actually occupied before the remainder is ready 
for occupancy. In such a case the units which are vacant and not ready 
for occupancy should be recorded as “under construction.” Another 
question that often causes difficulty is: Just when does a building start 
to be under construction? If the excavation work has just begun, is 
the building under construction? Inasmuch as excavation work is 
sometimes completed long before the erection of the building is com- 
menced, it is probable that, in making an occupancy survey, the best rule 
is to consider that a building is not under construction until the use of 
building materials has actually been started. 

Uoubling-up. — During periods of depression, when incomes are 
curtailed, large numbers of families give up maintaining separate house- 
keeping quaaiiers and move in with friends or relatives in order to reduce 
expenses. Thus, vacancies sometimes increase substantially with no 
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new building and with no decrease in population. It is pbvious that the 
number of extra families is an important figure which should be obtained 
if possible. The cooperation of the post offices is a very valuable aid in 
securing this information for the different types of dwelling units. The 
postmen probably know better than any group in a city when outside 
families are temporarily living in a unit with another family. 

For general occupancy survey purposes, it is probably advisable to 
keep all records on doubling-up in such a way that the individual family 
cannot be identified even on the field card. The field card described in 
Chapter II, page 26, provides for recording totals for each class by 
blocks. In case any question is raised as to whether or not the gathering 
of information on doubling-up necessitates inquiring too much into 
private family affairs, the explanation can be given that the data are 
recorded only as totals for blocks, and that no record of individual families 
is made even on the original field cards. 

Other Classifications. — There are other classifications under which 
occupancy data can be grouped if facilities for gathering and handling 
the data are available. Among those which have been found to be of 
value are: ‘‘size of units in number of rooms by types of buildings^’; 
“rental or value of units by types of buildings’^; “age of building”; 
and “equipment,” especially in apartment houses. 

Necessity for Definition and Simplification of Terms. — The importance 
of excluding unnecessary classifications and information, especially in 
the initial surveys, cannot be overemphasized. It is very difficult to 
make clean-cut and accurate definitions of many of the terms which must 
necessarily be used in making occupancy surveys, and the addition of 
any terms that would not be widely used in a given city should be 
discouraged. 

In the preceding discussion an attempt has been made to limit the 
number of items and classifications to those which are most important. 
The preceding classifications are suggested only after a considerable 
amount of study, carried on in cooperation with individuals and organiza- 
tions in various parts of the country that have made occupancy surveys. 
Often those in charge of making an occupancy survey are requested to 
include highly specialized classifications which would have only a very 
limited use. In such instances, it is usually desirable to have a special 
investigation made, which should be paid for by the individual or concern 
requesting the specialized information. 

The preceding description of classifications has been given in consider- 
able detail, in order to illustrate the types of problems that must be con- 
sidered in statistical surveys and how practical approaches can be made to 
their solution. These examples are representative of the usual difficulties 
that confront those whose responsibility it is to plan a statistical survey^ 
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and are indicative of the care that must be taken in deciding upon such 
details before starting the work of gathering the data. 

Gathering the Data. — The problem of gathering occupancy data 
centers mainly on the item of personnel needed for field work. To facili- 
tate the field work the classifications by which the data are to be gathered 
should be as simple as possible, and their number should be limited to the 
minimum consistent with the use to be made of the data. It is also 
important to provide the proper schedule form for the use of the enumer- 
ators in the field. 

As indicated previously, many different methods have been used to 
secure the personnel necessary for making vacancy surveys. Among 
the most important are: 

Paid enumerators. 

Help contributed by real estate boards. 

University students (course work). 

Police. 

Help contributed by public utilities. 

Post office letter carriers. 

The above, it is understood, applies only to the personnel to be used 
in the field for gathering the data and may not include the clerical staff 
which is necessary after the field data have been gathered. 

Paid enumerators are seldom used as the sole method of gathering 
occupancy data, because of the expense involved. It is ordinarily easier 
to secure contributions in the form of personnel than it is to obtain the 
money necessary to pay enumerators. When a large number of enumer- 
ators are wanted for one or two days^ work, it is sometimes difficult 
to secure those who are sufficiently reliable for their work to be accepted. 
Of considerable assistance in this regard, are the employment offices 
in colleges and universities which often have lists of students who are 
familiar enough with this type of work to make good enumerators and 
who are glad to have work for a day or so. Another source, which has 
been found to be helpful, is the waiting list of street-car motormen and 
conductors maintained by the street-car companies. The usual type of 
employment agency ordinarily is not in position to furnish help of the 
type required for such investigations. 

In many instances the problem of securing personnel has been solved 
by the real estate men directly, either by contributing their own time or 
the time of their employees. The desired information is gathered for 
certain specified sections of the city which are assigned to them. Some 
of the larger universities which have practical courses in statistics are 
located in cities where it is desired to make occupancy surveys, and a 
practical laboratory problem can often be worked out in which the 
students take part in gathering the field data. The citv police depart- 
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ment has in some instances made occupancy surveys in which the original 
information was gathered directly by the police force. In connection 
with their work of analyzing local conditions, the public utility companies 
have often helped in various ways to gather information such as occu- 
pancy data. 

Probably no type of personnel can do a better job of gathering occu- 
pancy survey field data than the Post Office Department’s letter carriers. 
These men are more familiar with the conditions in their districts and 
can record the data more accurately and with less difficulty throughout 
a city than any of the other classes of enumerators mentioned in the 
preceding list. This is particularly true in connection with gathering 
data on extra families to determine the extent of “doubling-up.” During 
recent years the Post Office Department has cooperated under certain 
conditions in making occupancy surveys. In most of the cities which 
have made occupancy surveys, the local groups have taken advantage of 
this assistance. 

The Field Schedule Form. — convenient schedule form for recording 
the desired information in detail should be provided by the local group 
having charge of the survey. An example of such a form with complete 
instructions has already been described on pages 26 and 27 in connec- 
tion with Exhibits 3A and ZB. This form includes spaces for recording 
the number of units “occupied,” “vacant,” and “under construction,” 
and the number of “extra families,” by classes of buildings, and is 
designed to be filled out for each side of every block. It is important 
to confine the use of a card to one side of a block for convenience in assign- 
ing the cards to subdistricts or census tracts, and to simplify enumeration 
and checking. This is especially important when the information is 
collected by letter carriers, for the reason that it is a convenient method 
of breaking up the letter carrier’s route. It would be very difficult for 
a carrier, for instance, to collect the information by entire blocks, because 
such a system would not fit in well with the layout of his route. 

Compilation and Tabulation. — ^The compilation and tabulation work 
in this particular type of vacancy survey has already been described 
in detail in Chapter IV, pages 61-67, as examples of hand and machine 
tabulation methods. Exhibit 7, on page 52, shows a master working 
table form which provides space for the data to be compiled and for the 
corresponding percentages showing the proportions occupied, vacant, and 
under construction, and the proportion occupied by extra families. From 
this table, or from the machine tabulations of equivalent data, the desired 
special-purpose tables can be compiled, such as the one in Exhibit 210. 

Analyzing Real Estate Vacancy Data. — As indicated previously, the 
residential vacancy survey has been described in some detail to provide 
im example which will serve as a general guide in making other real estate 
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Total Number op Living Units and Number Vacant, with Percentages 
Vacant by ^Types, for 33 Districts op the City and County of 
Denver, September 1937 



BiUibit 210. — Ad example of a summary table that can be compiled from the master 
working table suggested in Exhibit 7, page 52. Classification of vacancy statistics by 
sm^l sections of a city or metropolitan area is of great importance in their practical appli- 
^tion. (Courieajf, School of Commerce^ UniverHty of Denver^ and Denver Red BeUUe 
Exchange.) 
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SMrveys. The analysis of real estate vacancy data requires their careful 
interpretation in relation to many other indicators of loc&l business situa- 
tions. The position in the business cycle, the tendency of the long-time 
growth, questions of seasonal variations and random movements — all 
are important. There is, of course, a very direct relation to new con- 
struction, but there also appears to be a tendency for vacancies to 
increase when construction falls off, for the reason that there is an 
inevitable crowding and reduction in the use of space when incomes 
decline. 

The tendency to double-up should be very carefully considered 
in any analysis of vacancy figures, even though adequate statistical data 
may be lacking.' The importance of this is indicated by the 1931 St. 
Ijouis survey, in w4iich data on extra families were collected.^ In this 
city, in the spring of 1931, there were more than two and one-half times 
as many extra families living in single houses as there were vacant single 
houses available. It was likely, however, that when these families again 
occupied separate quarters, they would move into the multiple family 
dwellings as well as into single family houses. It was obvious that thc^ 
number of vacant uni^s of all types (19,206) would be substantially 
reduced if the 11,597 extra families again occupied separate (luarters. 
In other words, if the number of extra families were subtracted from the 
number of vacancies, the vacancy percentage would be reduced from 
almost 9 to a little over 3. 

It is difficult to say what percentage of vacancies is best for all con- 
cerned. Conservative practice requires, however, that the usual types 
of income buildings should be constructed in such a way that a 90 per 
cent occupancy will net a profit. From the point of view of the individual 
concern that is planning to build an officer building, a high vacancy does 
not mean that a new building should not be built at all, but it does mean 
that if the building is built, it should be so superior in relation to rental 
rates that there will be no difficulty in attracting tenants who are occupy- 
ing other space. If a superior building and service cannot be offered 
at competitive prices with a resulting net profit to the owners, then 
undoubtedly the project should wait until these conditions can be met. 

In dwelling structures, there is considerable competition between the 
different ‘classes as well as within each class. That is, an apartment 
house competes to a certain extent with single family houses as well as 
with other apartments. Again, supply and demand seem to have freer 
play in the single family house situation and ordinarily a tendency toward 
increased vacancies would be accompanied by considerable cutting of 


Greater St. Louis Occupancy Survey, Spring, 1931, made by the St. .Louis Post 
Office under the direction of DeHart S. Wensliek. 
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rents. These and other such variations do not present any unusual 
difficulties, howfever, if the principles previously discussed are clearly 
understood. 

Rents and Prices. — Data on rents and prices are very significant when 
analyzed in relation to vacancies. Changes in rents and prices are the 
real indication of the effects of changes in the vacancy situation. Rising 
rents ordinarily indicate an accumulating demand for new space. Rent 
indexes for various cities throughout the country are compiled by the 
United Stq;tes Bureau of Labor Statistics, the National Industrial Con- 
fereiKje Board, and the Real Estate Analyst. 

Real Estate Appraisal or Valuation. — The appraisal or valuation of 
real property is becoming a specialty which requires skillful use of 
statistics. The typical appraisal involves such statistical problems as 
measuring the rate of growth of cities and the corresponding rate of 
absorption of land into various kinds of uses, the prediction of future 
growth and distribution of population, the determination of building life 
and building mortality, and the testing of the validity of capitalization 
rates. Appraisers also use the various statistical enumeration and 
sampling devices in their surveys to secure data on vacancies, rentals, 
expenses, building activity, subdivision activity, and other factors, which 
they use in making valuations. 

Real properties (sites, sites and buildings, leasehold estates, leased 
fees, or other units capable of separate ownership and independent 
operation or enjoyment) have become so complex, and their values so 
difficult to determine, that the valuation of the appraiser who determines 
values on the basis of opinion alone is no longer considered reliable. 
Good judgment and experience, of course, are more important than ever, 
but they must be based upon the use of scientific statistical methods. 

The technique of making appraisals cannot be expressed in completes 
detail in the limited space which can be given to the subject in this 
volume. Consequently, the discussion will be limited to some of the 
more important points that are of general interest, and the reader is 
referred to special works on this subject when a more complete description 
is required.^ 

General Principles Involved in Valuation. — In approaching the study 
of principles of appraisal, two broad outstanding subjects should be 
carefully distinguished. First, there is the subject of method^ which has 

^ See Frederick M. Babcock, “The Valuation of Real Estate,” McGraw-Hill Bopk 
Company, Inc., New York, 1932; John A. Zangerle, “Principles of Real Estate 
Appraising,” Prentice-Hall, Inc., New York, 1927; and other books on appraisals 
listed in Appendix IX beginning on p. 761. See also Frederick M. Babcock, “Com- 
mon Errors in Appraisal Method — An Analysis,” National Real Estate Journal^ 
November 24; 1930, and other articles on appraisals published in this magazine. 
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to do with the devices of logic and reasoning used in appraising. Second, 
there is the subject of data, which involves the proper selection, collection, 
and handling of information. The use of the right method will not result 
in correct appraisal if the data are inaccurate or inadequate. Likewise, 
the use of accurate and appropriate data will not result in correct appraisal 
if the wrong method is used. 

It is also important to appreciate the distinction between the theoreti- 
cal method of valuation and the practical methods of valuation. The 
theoretical method is dictated by economic theory. Whatever creates 
value phenomena in real estate becomes a part of the theoretical valuation 
method. The practical methods should be in accord with the theoretical 
method in so far as possible. Many classes of properties cannot be 
appraised, except roughly, and by methods which very poorly approxi- 
mate the correct theoretical method. 

Finally, in any study of the principles of appraisal, it is necessary at 
the outset to distinguish sharply between cost and value. The importance 
of making this distinction is not generally realized, and there are still 
many mortgage men and real estate, dealers who consider a dollar of cost 
to represent a dollar of value, even though in their own experiences there 
may have been many instances where clearly the cost of the property had 
a very remote, if any, relation to its value. 

The Theoretical Valuation Method. — The fact that real properties 
have utility gives them market values. The values are exchange values 
produced by bidding in the market. In such bidding, prospective pur- 
chasers wfeigh anticipated benefits of ownership against prices; thus, we 
say that present capital value is the result of anticipated future benefit or 
the expected future income stream. Anticipated returns can be in 
monetary or amenity form. The present worth of the future returns 
expected constitutes present value. Hence, the theoretical method of 
valuation comprises the prediction of future returns and the determina- 
tion of their present value. Three elements are involved : (1) an expected 
or anticipated return in the form of an income or flow of amenities; 
(2) an interest rate reflecting risk or the degree of certainty of the predic- 
tion; and (3) the resulting value. This method parallels the operation 
of the real estate market. 

Practical Valuation Methods. — ^In practice there are three general 
approaches in making valuations: 

1. The income method. 

2. The comparison method. 

3. The cost method. 

The first method is the most accurate and correct. The last two some- 
times have to be used in practice when it is impossible to use the income 
method. These three methods will now be discussed briefly; 
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Under the iw^me method, property is valued by discovering the present 
worth of a predicted earning expectancy. That is, future earnings are 
predicted and their present capital value is discovered by discounting. 
The income method is practicable for use where the property is of such a 
character that it produces (or can be expected to produce) predictable 
earnings in money form. It parallels, so far as possible, the correct 
theoretical method and is, therefore, the most accurate of the various 
methods. The result of the calculation is the total value of the property. 
If it is desired to distribute the total between land and building (or other 
fractional parts of the property), the separation is made by dividing the 
total net earnings between the parts. In the case of a building repre- 
senting the highest and best use of the land, an amount is deducted from 
the total predicted income sufficient to return the investment in the 
building during its useful commercial life and to pay, in addition, o. fair 
rate of interest return upon that portion of the building investment 
which remains invested from year to year. The remaining net inc.ome is 
capitalized to discover the land value — that is, the investment which 
will 3rield the remaining income at a fair rate of interest is dc^termined. 
In cases where the building does not represent the highest and best use 
of the land, the building value is made residual. In all cases, the process 
comprises a distribution of the total value. It is never sound practice 
to combine fractional appraisals to determine total value. 

Under the comparison method, the property being appraised is con- 
trasted and compared with similar properties which have been sold. 
This method of appraisal does not correct for booms and depressions 
and should be resorted to only when the first method cannot be applied. 


First floor, rental value $ 28 , 500 

Upper floors, rental value 122, 300 $1 50 , 800 


Vacancy and contingency allowance (5 p€?r cent for first floor, 


15 per cent for upper floors) 19,770 

Effective gross revenue estimate $131,030 

Expenses.^ 

Heat, light, and power $ 12,480 

Janitor’s departm ent 10, 290 

Elevator department 3,110 

Maintenance and repair 7,125 

General expense 8 , 905 

Taxes 68,090 

Estimated normal annual net earnings $62,940 


' Bepieciation should not be included as an operating expense in estimating the 
net income to be capitalised. 
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It, therefore, has but a limited application. Its most common use is in 
determining the values of individual family dwellings. The future 
returns are in the form of amenities and the present importance of the 
future amenities can' be determined only by assuming that market prices 
are fair estimates of their value. This method is considered one step 
down from the pure theoretical method. However, it will be noted that 
the income method requires the use of the comparison device (in deter- 
mining the capitalization rates). 

Under the cost method, it is assumed that the value of a property is 
equivalent or directly related to the cost of reproducing it. This method 
d6parts radically from the sound valuation theory. As a practical 
matter, it is impossible to estimate accrued depreciation and obsolescence 
directly. However, this method is the one commonly used in the valua- 
tion of many kinds of factories and industrial properties. With all of 
its inaccuracies, no better method is available in such cases because of 
the utter impossibility of ascertaining the portion of the income of the 
manufacturing business that should be allocated to its real estate. This 
method is generally used in the appraisal of “service” properties, such 
as schools, courthouses, and churches, where it is assumed that the 
maximum value of the properties to theii* owners cannot exceed the cost 
of replacing them. Iii such instances, there is no practical way of deter- 
mining the deduction necessary to arrive at a figure representing “value.” 

An Illustration of Valuation Procedure. — ^An instance of the procedure 
in detennining the value of a property, based upon methods previously 
discussed, will now be described briefly. 

An office building constructed in 1913 has a gross building area per 
floor of 10,000 square feet and its height is 80 feet, making a total cubical 
content of 800,000 cubic feet. At the present time, this tsrpe of building 
costs 60 cents per cubic foot, and a fair estimate of the replacement cost 
of construction new is $480,000. Carrying charges during construction, 
the cost of financing, etc., would amount to about $125,000, making a 
total estimated required investment, exclusive of land, of $605,000. 
This amount does not represent the present value of the building. It is 
an estimate of the total cost, exclusive of land, which would be required to 
replace the building in new condition at prevailing prices. 

By mieans of a study of the prospective rental market, leases in fdree 
in the budding, the competitive position the bidlding occupies, probable 
operating expenses, etc., the appraiser predicts average yearly revenues 
and expenses as indicated at the bottom of page 551. It is estiinated 
that ths builffing, if new, would have a total conmiercial life ef 45 srears. 
It is also estimated that the building, because of its present condition 
and position in the reiitid niarket, will have a remaining commercial 
life of at>out 20 years. The valuation then proceeds as follows: 
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Estimated nomial annual net earnings $62,940 

Annual level sum for 45 years required to return $605,000 
and pay 8i per cent on the declining investment residues. 52,768 

Residual return on land $10, 172 

Value of the land at 6 per cent $169,533 

Value of building: present value of $52,768 per year for 20 

years at 8i per cent 499 , 362 

Total valuation $668 , 895 


In the above example, for the Hake of simplicity, the earnings have 
been estimated on the basis of the average rate for the remaining life 
of the building. It is better practice to predict an earning expectancy, 
which declines from the full earning power predicted for the following 
year to a level of earnings just sufficient to pay the return necessary to 
support the land in the last year of the life of the building. Another 
point that should be noted in connection with the preceding illustration 
is that the actual age of the building was not an element in determining 
the present depreciated value. The fact that the building was built in 
1913 had no bearing upon its present value. The value was determined 
strictly on the basis of future productivity. 

Appraisal Data Requirements. — As previously indicated, appraisal 
accuracy not only depends upon selecting the right valuation methods, 
but also upon having accurate, adequate, and appropriate data. The 
collection and tabulation of data is probably the greatest task of the 
appraiser. The data necessary in valuation may be classified as follows: 

1. Data Pertaining to City Growth and Districts, — This includes past 
and present statistics on numbei^ and characteristics of population; 
purchasing power; trend of development; building activity; city planning, 
zoning, and other restrictions; public utility services; transportation 
facilities, including streets and •highways; special developments, condi- 
tions, etc. ; and such influencing factors as business development, shopping 
and amusement facilities, educational facilities, general improvement 
program, public confidence, climatic conditions, drainage, general 
public standing and financial rating of owners in district, and 
indications of the progressiveness of the community. 

2. Data Pertaining to Architecture, — This involves much information 
and knowledge which only an architect possesses and, consequently, the 
services of an architect are often necessary in doing appraisal work. It 
is important to havo information which will show what types of archi- 
tecture are sound in relation to style and design, so that fads and other 
factors, which are only temporarily popular, may be discovered. Pro- 
ductivity and functional design are closely related. 

3. Daita Pertaining to Obsolescence,- — ^This includes . stat^tical and other 
data which will show to what extent certain factors tend to cause buildings 
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to decline in value, so that the rates of obsolescence n);ay be computed 
wit^ some degree of accuracy. 

4. Data Pertaining to Revenue Productivity. — ^This includes data 
pertaining to rental rates, etc., of similar or competing buildings. 

5. Data Pertaining to Expenses.— TYaa includes data on current 
operating expenses, taxes, etc. 

6. Data Pertaining to Cods. — ^This includes not only building costs, 
but all costs involved in the development of land, carrying charges, 
financing costs, etc. 

7. Data Pertaining to the General Market for Investment. — ^This 
includes information on real estate, income, foreclosures, and the like, 
as well as data on mortgage rates, security markets, and other informa- 
tion of assistance in determining the relative desirability of real estate 
properties as investments. 

8. Data Pertaining to the Local Real Estate Market. — This includes 
statistics and other information on the vacancy situation; probable 
resale possibilities; transfer prices; numbers of speculators, developers, 
and investors; and asking and offer prices. 

9. Data Pertaining to the Property. — This includes a general descrip- 
tion of the location, legal description, size and shape of land, description 
of building, description of leases, details regarding encumbrances, state- 
ment of special assessments, and present use of premises. 

Among the more important sources of information which would be 
used in compiling the data listed above are the following: 

1. Past and current operating statements and lease rolls of the 
property being appraised, and of other buildings of similar character. 

2. (General sowces, such as owners and tenants of near-by properties, 
local real estate brokers, and others interested in local developments. 

3. Local government departments, such as city building department, 
city en^eer’s office, city or county zoning or planning commission, 
county assessor’s office, city stl^et department, city and county boards of 
education, and other departments which may have information. 

4. Private sourpes, such as banks, title companies, insurance com- 
panies, public utility companies, architects, builders, and construction 
con^)anies. 

5. Trade and other associations, such as real estate boards, building 
managers’ associations, building material associations, engineers’ and 
architects’ associations, and chambers of commerce. 

6. Primary or originai surveys made by the appraiser himself. This 
is undoubtedly the most important sotirce of all. It is always necessary 
for an appraiser to examine property personally. 

Althoi^h the tetter appraisers are rapidly becoming more skillful 
in applying the available rental, vacancy, overproduction, subdivinon. 
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and other statistics in their efforts to increase the accuracy of their 
valuations, it should be. appreciated that one of the greatest difficulties 
in making an appraisal is to secure sufficient, satisfactory, and adequate 
data. The problem of securing the proper information, for instance, 
on the long-time trend and economic cycle in a certain city or in a section 
of a city is particularly difficult. The bases of the values of real proper- 
ties are to be found in their future productivities. The appraiser, 
therefore, not only finds it ne(;essary to use statistical procedure in his 
appraisal methods, but he must also make practical applications in the 
form of business forecasts, production analyses, marketing analyses, and 
investment analyses as discussed in other chapters of this book. 

Questions and Problems 

1 . Why is it important to make statistical analyses of real estate conditions? 

2 . What use can be made of data on building and lot vacancies? 

3 . How can the future demand for lots and buildings be forecast? 

4 . In growing communities, what is the significance of vacant lots? 

6 . Why is an excessive vacancy in lots an unsound condition? 

6. When is it economically justifiable to lay out new lots? 

7 . Whtm is land said to be “ripening into use^’? 

8. How do carrying costs during the period of ripening into use compare with 
purchase prices? 

9. What is the difference between real estate investment and real estate specu- 
lation? 

10 . What is the influence of speculative building on land prices? 

11. Is the holding of vacant land for long periods of time usually profitable? 
Why? 

12 . Describe the real estate cycle. Explain the mistakes that are commonly made 
in confusing cyclical movements of real estate prices with their long-time trends. 

18 . Discuss land booms. Are they influenced by cycles in general business? 

14 Do random movements or temporary conditions ever affect real estate prices? 
Illustrate. 

16 . How do inaccurate statements and unsound judgments by representative 
promoters and speculators affect the severity of a real estate boom? Discuss the 
possibilities of controlling the real estate cycle. 

16 . How would you proceed in collecting data on vacancies in dwellings, and how 
would you classify dwellings for this purpose? 

17 . Why is i.t important to have residential vacancy data classified by the different 
kinds of dwellings and by small areas? 

18 . How would you proceed in collecting information on office-building vacancies? 

19 . Discuss the problem of tabulating vacancy data. 

20 . What, are some of the principal points to be observed in analyzing vacancy 
data? 

21 . Why are statistics important in making appraisals of real property? 

22 . In connection with appraisals, distinguish between method and data; theo- 
retical method and practical methods; and cost and value. 

28 . Explain the theoretical method of valuation. 

24 . Describe three practical methods of valuation. 

26 . Illustrate in detail an instance of determining the value of a business property. 
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26. In making real estate appraisals, information should be compiled upon what 
subjects, and what are some of the specific facts that should be obtained? 

27. What sources can be used in obtaining data for Use in making valuations? 

28. Select a certain lot in your city, and analyze the trends of factors that affect 
its value. 

29. Make a survey of vacant residential buildings in your city, and analyze the 
data gathered. Use the sampling process if necessary. 

80. Make a vacancy survey of the store buildings in your city, and analyze the 
data gathered. Use the sampling process ifrnecessary. 

81. Prepare a detailed plan with forms for making a complete vacancy survey of 
residential and business buildings in your city. 

82. Analyze the vacant lot situation in your city. 

88. Select a property in yoiir city, and make an appraisal of it. 
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INVESTMENT ANALYSIS 

It is the purpose of this chapter to discuss the practical use of statistics 
in analyzing investments. Many severe losses have been sustained 
because investors did not realize the risks that they were taking, and 
were not able to use relatively simple statistical precautions, such as 
those suggested in the following pages. The discussion will be confined 
principally to procedures to be used in determining whether or not an 
investment is desirable by helping to answer such questions as: Is the 
(concern’s financial position safe? Is there a good market for the com- 
pany products? Has the management shown itself to be capable in 
times of stress? Do the earnings compare favorably with earnings of 
similar companies? Methods of getting information on these and 
similar questions from the point of view of the investor will be considered. 

Opportunities in Investment. — At all times, whether in prosperity or 
depression, there are some industries which are in a strong position in 
relation to both volume of business and profits. At the same time, other 
industries are simply marking time or are slowly declining as a result of 
changes in economic conditions, poor management, or changes in the 
demand for their products or services. The making of successful invest- 
ments depends upon the ability to select the most promising companies 
in soundly established but growing industries, and the ability to determine 
a favorable time and price at which to buy. 

The demands created by changes in the standard of living and by the 
constant growth of certain industries furnish opportunities to mak(; 
profitable investments which will have large capital appreciations as 
well as satisfactory dividend or interest incomes. One of the purposes 
of statistical analysis in investment is to help one to select those securities 
which, by reason of peculiarly favorable circumstances, can be expected 
to increase in value and yet give adequate safety at all times. In this 
connection it should be emphasized that consistent investment success 
is attained not by constant day-to-day trading and shifting of securities 
in the market for quick profits, but by buying securities of the best 
managed enterprises in soundly expanding industries and by holding 
them for long-pull appreciation in value. It is also to be recognized that, 
during periods of general business depression and low earnings, statistical 
analyses are essential in order to select the securities of companies 
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which will maintain earnings adequate to maintain dividend or interest 
payments, and which will enter succeeding periods of recovery and 
prosperity in a position to take advantage of the more favorable business 
conditions. 

Place of Statistics in Investment Analysis. — As a general rule, the 
average business man will have but little information upon good prospec- 
tive investments unless he makes a definite effort to get the information 
himself from reliable sources. However, he may have considerable 
favorable (but unreliable) information on weak or unsound securities. 
The reason for this is that much selling effort is necessary in the case of 
new or weak securities and the better investments are not pushed so 
hard as the poor investments. In fact, some of the strongest sales efforts 
are made in connection with very weak or even fraudulent securities. 
And these efforts are successful chiefly because of the ignorance and 
lack of analytical methods on the part of prospective investors. A good 
rule in investing is never to buy anything that any one tries to sell. In 
other words, one should buy established securities as the result of inde- 
pendent or unbiased investigation or advice. 

In no other field of business has more been said and written — and less 
actually understood — than in that of investments and stock speculation. 
Superficial ‘analyses^ of conditions, fanciful theories for guessing short 
swings, tips, rumors of mergers, pools, 'insiders^ activities, and a hundred 
other things are to be found on every hand. Everywhere advice is 
dispensed freely and in great quantities. Generally, the more cheaply 
it is secured the more expensive it proves in the end.^!^ Definite statisti- 
cal facts, if properly analyzed and understood, will greatly reduce losses 
of hard-earned savings due to investing in weak or worthless securities. 

Those Who Will Not Study Should Be Content with Low Yields. — It 
does not seem reasonable that people will work hard to save up a few 
hundred dollars and then make an ‘‘investment^' in securities about 
which they actually know nothing except what salesmen tell them. Such 
investors expect high yields or fortunes, when in reality they often receive 
no return and lose their original investments. Only those who make 
careful analyses of their investments have the right to expect higher than 
the usual incomes. Others, as a rule, should confine their investments 
to conservative securities recommended by reliable investment counselors, 
or to such securities as those in which savings banks may legally invest 
their^deposits.^ The latter ordinarily include the interest-bearing obliga- 
tions of the United States Government, certain state and municipal bonds, 

^ From Foreword to Consistent Investment Success,” copyright 1628, by The 
Brookmire Economic Service, Inc., New York. 

^ > It is not to be assumed,, however, that all investments which are legal for savings 
banks.:jft^desirable.for the conservative investor. .. . . - 
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conservative real estate mortgages, and certain bonds of well-established 
railroad compahies with favorable records of stable earnings. Of 
course, absolute security is unattainable. Three of the Great Powers 
which took part in the World War are no longer in existence, although 
bonds of such governments were considered very safe before the war. 

Distinction between Investment and Speculation. — There is no 
well-defined distinction which will enable us to place all investment in 
one class and all speculation in another. There is no question but that a 
person wishes to make an investment when he walks into a reliable 
broker’s office with cash or a certified check to make an outright pur- 
chase of stocks or bonds, with the expectation of receiving a regular 
reasonable return in the form of interest or dividends, and with the 
expectation of receiving back at a later date the amount paid. If, 
on the other hand, he wishes to open a margin account and buy widely 
fluctuating stocks which he would expect to sell in a few days or weeks at 
a profit, there is no question but that he wishes to speculate. 

The degree of risk and the amount of gain expected furnish indications 
of investment and speculation. If the risk is great, usually one is specu- 
lating, and if the risk is low, usually one is making an investment. It 
often happens, however, that what one thinks is an investment, is specu- 
lation of the most pronounced kind. Statistical checks, skillfully used, 
will usually correct this difficulty. 

Investors often select their stocks in such a way that they can reason- 
ably expect them to appreciate over a period of time (say at least a few 
years). Speculators ordinarily expect their stocks to appreciate in a few 
days or weeks. The first class (investors) should select their stocks (or 
have them selected) on the basis of skilled analyses of the conditions of 
the companies and their present and probable earning powers. The 
second class (speculators) select their stocks chiefly on the basis of 
hunches and tips regarding the day-to-day erratic movements of the stock 
market. 

In this chapter, we are concerned only with the problems of invest- 
ment. And while investments can be made in other things, our discussion 
will be confined chiefly to investments in stocks and bonds, although 
mortgage loans and real estate will be briefly considered. Much of the 
discussion of stock and bond analysis applies also to mortgage-loan 
securities. 

The Relation of the Investor to the Investment. — Before analyzing 
particular securities, the investor should make an analysis of his own 
particular requirements. Some people can afford to take greater risks 
than others. Young persons, as a rule, can afford to take greater risks 
than older persons. Single persons ordinarily can take greater risks than 
those who have families to support. Investments for widows and 
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orphans commonly require the maximum safety. Those who have 
independent incomes can take greater risks than those who do not. 
Some people are temperamentally unfitted to assume risks, and the 
uncertainty may even affect their health, while others enjoy taking a 
chance and are good losers in case the venture is unsuccessful. Some 
investors are properly trained and are willing to make careful analyses, 
while others are not. 

As the amount of the risk assumed depends to a considerable extent 
upon the type of security purchased, we shall now consider fundamental 
differences in the securities available for investment. 

Investment Analysis. — An investment analysis should be made 
from at least three points of view. First, the nature and rights specified 
in .the security purchased must be determined, particularly in relation to 
other securities which the concern has issued. Second, conditions in the 
security markets as a whole must be studied in order to know general 
market trends. And, third, the (companies issuing the securities must 
be investigated thoroughly to determine the real value of the rights 
stated in their securities, and to determine whether the market prices of 
the individual securities make them really attractive as an investment. 
These three points of view will be considered in the order given. 

Stocks and Bonds.— It is assumed that the reader has a preliminary 
knowledge of securities and that it will not be necessary to explain such 
terms as ‘'stocks^' and ‘‘bonds.'' It is believed advisable, however, to 
review some of their principal features from an investment point of 
view. 

In a corporation having bonds, preferred stock, and common stock, 
the bondholders ordinarily have the first claim on assets and a claim 
on gross revenue prior to stockholders' claims. The preferred stock- 
holders have the first claim after the bondholders have been satisfied 
(^suming that there are no unpaid accounts or other prior obligations), 
and the common stockholders have the last or residual claim. 

Bonds are usually mortgage loans bearing a fixed rate of interest, 
although there are a. number of bond issues known as “debentures" 
which are not secured by. specific’ pledges, of property. The bondholder 
ordinarily does not participate in the earnings even if the company 
becomes exceptionally prosperous.^ However, the prosperity of the 
company affects the safety of the bond principal and interest, and 
frequently specific bonds are considered to be sound investments because 
of the continued prosperity of the company rather than on account of the 
liquidating value of the property pledged. 

Common stocks represent ownership of the enterprise, which includes 
the right to earnings. With the incre^ed chances to gain, there is also 

' ^ There arei however, oceasional exceptions to this rule as pointed out on p. 562 . 
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an increased risk as to principal and income. But because the profits 
above a stated rate on the preferred stock ordinarily go to the common 
stockholders, large fortunes have been realized by those who have owned 
common stock shares in successful businesses. 

From an investment point of view, preferred stocks lie in between 
bonds and common stocks. Preferred stocks represent shares in the 
ownership, but ordinarily they bear fixed rates of dividends. Since the 
security is less than that of bonds, the dividend rates are higher than 
bond interest rates. When considering preferred stocks, the investor 
should carefully investigate the conditions under which they are issued, 
as, for instance, whether they are cumulative or non-cumulative; whether 
the dividend rate is limited to a certain percentage or whether the stock 
participates in the dividends; whether the stock is redeemable by the 
company at a certain premium; and whether it is convertible into common 
stock. All other rights and privileges of the stockholder (appearing on 
the face of the certificate) should be carefully studied by the investor. 
The investor should know these conditions before becoming a stockholder, 
although he may never wish to exercise any of his rights, especially if he 
has been successful in selecting a prosperous company. Above all, the 
investor should endeavor to select only the companies which are and may 
reasonably be expected to remain successful. This involves the statistical 
analyses which will be discussed later in the chapter. 

It should be pointed out that there is a wide variation in the attrac- 
tiveness of specific investments in each class of the securities just dis- 
cussed. Some bonds are safe while others are not. A specific concern^s 
bonds are ordinarily safer than its common stock, but the common stocks 
of some concerns are much safer than the bonds of others. A stock, 
which is scientifically selected, can easily be safer both as to principal and 
income than a bond or preferred stock which is bought with no investiga- 
tion. For example, the common stock of the American Telephone and 
Telegraph Company, which has an unbroken dividend record of 38 
years, is a more sound investment from the standpoint of security and 
return on the investment than either preferred stock or bonds in com- 
paratively new companies which may or may not prove to be successful. 
The financial records and the prospects for future success are the deter- 
mining factors. 

Variations in Types of Bond Investinents. — Even among bonds there 
are many variations in the attractiveness of the investment, owing to 
differences in the types of bonds issued and to differences in the types of 
oiganizatiqns issuing the bonds. 

An investigation to determine the particular characteristics of, and 
rights offered in, a given bond, and the comparison of these characteristics 
and rights with those of other available bonds is the first step in a bond 
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investment analysis. Bonds may be classified on the basis of (1) purijose 
for which issued; (2) security of principal; and (3) payinent of interest 
and principal. Bonds are referred to as bridge bonds, equipment bonds, 
improvement bonds, etc., referring to the purpose to be accomplished or 
the use of the money. Classified according to security of principal,, 
bonds may be (a) prior-lien bonds, which take precedence in their claim 
over mortgage bonds; (b) mortgage bonds protected by mortgages on the 
property, which may be first, second, third mortgages, etc. ; (c) debenture 
bonds, having no security except the company's promise to pay; (d) collat- 
eral trust bonds, which are secured by stocks, bonds, or mortgages of other 
companies owned by the company issuing the collateral trust bond; or 
(e) government bonds, issued by city, county, state, or national govern- 
ments. Bonds classified according to the payment of interest and 
principal may be: (1) income bonds upon which interest is paid at the 
discretion of the board of directors; (2) profit-sharing or participating 
bonds, which share in profits in addition to receiving a fixed rate of 
interest; (3) tax-free covenant bonds, upon which the company agrees to 
pay the Federal income tax to the extent of 2 per cent on the interest 
upon authorization of the recipient of the interest;^ (4) tax-exempt 
bonds — the interest on municipal and state bonds is free from Federal 
income taxation; (5) convertible bonds, that is, bonds which carry the 
right under specified conditions to be converted into some other security, 
such as preferred stock or common stock; and (6) perpetual bonds, which 
have no date of maturity when the principal must be repaid to the 
holder. 

United States and Other Government Bonds. — ^The bonds of the 
United States Government have been considered to be the safest invest- 
ment available, and probably will continue , to be so regarded unless the 
total amount issued, including short-term notes and certificates of 
indebtedness, should become so large that investors doubt the ability 
of that government to meet interest requirements and repay principal. 
The total of these obligations outstanding on June 30, 1938, was approxi- 
mately $37,165,000,000, and they are secured by the wealth of the 
nation, which has been estimated at from 250 to 360 billion dollars during 
the past decade,^ and by the annual income of the nation, which was 
estimated at approximately $67,500,000,000 for the year 1937.® Interest 
paid on the United States Government obligations issued before 1917 
and on all Treasury Notes, Treasury Bills, Treasury Certificates of 
Indebtedness, and obligations issued under the Federal Farm Loan Act 

^ These bonds have not been issued since December 31, 1933. 

*See Moody’s Manual of Investments — Government Securities,” pp. 24-25, 
1938. 

> National Industrial Conference Board. 
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is free from income tax, and the interest on Treasury Bonds and Savings 
Bonds is partiafly tax free. The tax position of a security is important 
in determining its rank as a desirable investment. A 4 per cent bond, 
subject to a 50 per cent tax, yields a net return of 2.5 per cent, which is 
less than the yield of a 3 per cent government tax-free bond. 

The bonds of Great Britain, Dominion of Canada, the Scandinavian 
countries, and Switzerland also have had a good reputation. In many 
instances, however, the bonds of foreign governments are very unsafe 
investments. Before purchasing such securities, careful analyses should 
be made of past records of political stability, government policies, burdens 
of taxation, etc., as well as the history of the particular bond under 
consideration. The importance of securing especially sound and impar- 
tial advice when purchasing foreign investments can not be too strongly 
emphasized. No income-tax advantages are obtained by residents 
of the United States who purchase foreign bonds. 

State Bonds. — The desirability of state bonds as an investment 
depends upon: (a) the good faith of the people of the state in paying 
their debts as shown by their past records (many state debts have been 
repudiated in the history of the United States but there has been no 
repudiation in recent years) ; (6) the wealth of the state compared to the 
size of the debt and the total population; (c) the laws regulating the staters 
debts; and (d) the tax position. State bonds are exempt from Federal 
taxation and usually from state and municipal taxation in the state where 
issued. State bonds, in general, rank next to Federal government bonds 
as safe and conservative investments, but all state bonds are not con- 
sidered equally good. 

Municipal Bonds. — Most municipal bonds ^ rank high as conservative 
investments, but greater care must be exercised in investing in municipal 
bonds than in either United States Government or state bonds. Towns 
sometimes develop rapidly as the result of a boom, and decline later 
almost as rapidly. Cities have more frequently repudiated their debts 
because of loss of ability to pay than have states. Furthermore, munic- 
ipal bonds are sometimes declared illegal. 

The size of the city^s debt relative to the value of the taxable property 
is, of course, a basic factor in determining the desirability of its, bonds. 
Two general tests of the desirability of municipal bonds are: (a) whether 
they are legal investments for savings banks, and (6) whether they are 
offered for sale by well-established and reliable investment bankers. 

^ In this discussion, the classification of municipal bonds is limited to direct, full 
obligations of towns and cities of — say — 10,000 people and over. Bonds issued by 
smaller Idealities or portions of municipalities are generally considered as municipal 
bonds, but there are many types of these bonds to which the present discussion is 
not applicable^ * 
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Nevertheless, an investment in municipal bonds should not be made as a 
result of these general tests alone, but an investigation should always be 
made of the financial condition of the city or district issuing the bonds, 
and the property securing them. 

Corporation Bonds. — Corporation bonds are usually secured by a 
mortgage under the terms of which specific property is pledged as security 
for the payment of both principal and interest. The mortgage, however, 
may not necessarily be a first lien on the property. Bonds, moreover, 
are rarely known as third- or fourth-mortgage bonds, since such a title 
would indicate too plainly the inferior lien. The investor, consequently, 
must be on his guard. Second-mortgage bonds, for instance, are often 
termed ‘‘first refunding^’; third-mortgage bonds are designated “general 
mortgage,’’ “consolidated,” etc. 

It is one thing to know definitely the exact property which is pledged 
as security for a bond, but it is quite another thing to determine its real 
value. From an investment viewpoint, corporation earning power is the 
true measure of value. The ratio of fixed charges to the net income 
available for the payment of these charges reflects the security of the 
bonds. In determining the number of times interest charges should be 
earned to reflect a satisfactory condition, one must consider the type of 
business activity in which the corporation is engaged. In railroad com- 
panies, 1.60 to 1.76 has been considered satisfactory for the largest com- 
panies; public utilities require 1.75 to 2.00;^ and industrials should earn 
at least twice the interest charges even in the most unfavorable years. 
Proper accounting principles must be used in determining net income 
available for interest charges; otherwise a false impression will result. 

• With the exception of the bonds of some of our leading corporations, 
industrial bonds have not proved very popular. In the first place, the 
conservative investor finds no appeal in industrial securities because of 
the speculative element. And the more venturesome individual expects 
a larger return than industrial bonds assure. This is reasonable because 
of the sacrifice in security which he makes. In the second place, there 
are relatively few issues of industrial bonds because of the instability of 
earnings of the average company. 

Investment Characteristics of Preferred and Common Stocks. — 

Other things being equal, preferred stock is a safer form of investment 
than common. The preference is usually as to both dividends and assets, 
and from an investment standpoint, this advantage tends to offset the 
limited income return. Common stocks often have a fair investment 
rating, in many cases superior to the bonds of other corporations which 
are not so prosperous. The - test of such a security is not so much in 


' A lower rate may be applied in cases of. proven, stability of earnings. 
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the amount of earnings in prosperous years, as it is in the amount in 
times of depression.. The stock of any company that is able year in and 
year out, through dull times as well as busy, to show substantial earnings 
and regular dividends may be considered as offering a good opportunity 
for a permanent investment. 

To the extent that potential appreciation in value is .desirable in 
investment, stocks surpass bonds. Certain types of investment stocks 
have inherently a better opportunity for appreciation than others. 
Preferred stocks which enjoy a participation in income privilege are 
in this class. Common stocks, which have gained an investment rating, 
offer the best opportunities from the standpoint of potential appreciation, 
because the income which the common stockholders may receive is 
limited only by the earnings of the company. But common stocks 
purchased during prosperous times usually contain a greater element of 
possible depreciation than appreciation. The increased earnings of a 
(company during a period of prosperity cause its stock to sell at higher 
prices, and subsequent declines in business conditions, assuming that 
prosperous times can never be constant, result in lower prices. 

Little likelihood exists that bonds (except those with conversion 
privileges) will ever sell at a large premium as compared with common 
stocks, because of the fundamental difference that bond income is, as a 
rule, limited, while common-stock income is ordinarily unlimited. When 
the return on stocks is limited, as on preferred stocks, the price will tend 
to keep within the same limitations as bond prices. 

Form of Capitalization, — In selecting an investment in stocks or 
bonds, the capitalization of the company is one of the controlling factors. 
In a company which has issued bonds, preferred stock, and common stock, 
part of the revenues must be used to pay bond interest and part must be 
used to pay preferred-stock dividends before anything is available for 
common-stock dividends (or for the surplus). If dividends of, say, 6 
per cent are paid on the common stock of such a company during a period 
of prosperity, it can easily happen that there will be nothing at all for 
common-stock dividends during a period of depression. Other things 
being equal, therefore, there is considerably more risk in investing in 
the common stock of concerns heavily capitalized with fixed obligations 
than there is in buying the common stock of a concern whose capitaliza- 
tion consists entirely of common stock. 

If the capitalization of a concern consists entirely of common stock 
and business becomes depressed, there will be no bonds and preferred 
stock to absorb any profits that may be earned, and they can be dis- 
tributed as reduced common-stock dividends. (Of course, if bonds and 
preferred stocks represent only a small proportion of the capitalization, 
this objection may not be impbrtant.) 
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While bonds and preferred stock have greater security of both princi- 
pal and income than the common stock of the same coiicem,: they bear 
only a fixed rate of income and often are not so desirable as the common 
stock of equally prosperous companies whose entire capitalization is 
represented by common stock. Common stock shares in the .earnings 
and common stockholders get the full benefit of a concern's prosperity 
whether the earnings are paid out in dividends or left in the surplus 
account. 

Perhaps the other side of the question should be mentioned at this 
point as there are those who claim that the common stock of a concern 
with a high proportion of its capitalization in the form of bonds and pre- 
ferred stocks is the best buy, because only a limited proportion of the 
profits made on the capital furnished by the bond and preferred stock- 
holders go to the holders of these securities. The rest goes to the holders 
of the common stock. Such would be the case when the concern is 
prosperous, but it is equally true that the common-stock dividends may 
be entirely wiped out in times of depression because of the prior claims of 
the bonds and preferred stock. The chance of increased earnings carries 
with it a greatly increased risk. The principle is the same as in buying 
on a margin. Safety is sacrificed for the chance to secure a greater gain. 
If a careful analysis shows the common stocks of the two types of concerns 
to be equally desirable in other respects, the conservative business man, 
who wishes to reduce his risk and at the same time share the profits, 
will buy the common stock of the company which has the. smaller pro- 
portion of bonds and preferred stock. 

The purpose of the foregoing brief discussion of the different types of 
stocks and bonds has been merely to point out general characteristics 
and principles. Analyses to determine the relative position and rights 
of stocks and bonds of a given company are sometimes very complicated; 
a single corporation may have several classes of bonds, several classes 
of preferred stock, and several classes of common stock, and some may be 
convertible to other classes and some may be redeemable. Obviously, 
these conditions should be carefully investigated in any investment 
analysis. 

loLvestinents in Real Estate Mortgages and in Real Estate. — Popular 
forms of investment in the United States include real estate mortgage 
loans and the actual real estate. The preceding chapter on real estate 
analysis describes methods of determining the values of real estate and 
probable trends in these values, as well as other factors which are impor- 
tant to the investor. Since these mortgage loans have real estate for 
their security, similar analyses should be made in determining: their 
safety and desirability. . One of the chief objections to both mortg ages 
andT!eat= eatate as forms of invest ment is the lack of a ready .pia rket. 
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They cannot be disposed of on a moment’s notice, as a rule, so readily as 
can well-selectecl bonds or stocks. 

Security of a mortgage loan depends upon two factors: the priority 
of the lien, and the margin of equity. Upon receiving a mortgage, the 
lender, or mortgagee, has a lien upon the property. As the owner of 
such lien he may acquire the property in case of failure to pay the loan. 
There may be, however, other claims which take precedence over his. 
The second factor determining the safety of the principal is the difference 
between the amount of the loan and the value of the property. In 
large cities, the limit of safety for real estate mortgages is generally 
regarded as 66f per cent and in smaller towns 25 to 40 per cent. A farm 
mortgage on improved farms rarely should exceed 50 per cent. 

Six of the important elements of risk that must be considered in 
connection with mortgage investments are: (1) inaccurate appraisal, 
(2) influence of depressions and panics, (3) neighborhood changes, (4) 
deterioration of buildings, (5) losses in foreclosure, and (6) danger of 
forced sales. Each of these should be carefully analyzed by the lender. 

Active Listed Securities. — The careful investor will usually do well 
to confine a major portion of his investments to readily salable securities 
that are listed on responsible exchanges. The reason for advising that the 
securities be both listed and readily salable is that the business investor 
often wishes to have a ready market as one of the requirements in his 
investment. He may neither wish nor expect to sell the securities at a 
moment’s notice, but he wishes to have an investment liquid enough that 
he may be able to sell it readily if this becomes desirable. Active listed 
securities are also better collateral for loans, as the bank can sell them 
readily in case the loan is not paid. If the investor is certain that he will 
not wish to dispose of the securities, this feature is not so important, and 
he may find a satisfactory investment in such securities as bonds of small 
cities which are unlisted and for which there is no active market. 

The fact that a stock or bond is listed does not indicate that it is 
active. In 1930, less than one-quarter of the stocks listed on the New 
York Stock Exchange were active. To be readily salable, the stock 
need not be an active one, as there are a number of high dividend paying 
stocks that are inactive, either because the price is so high, or the issue 
is so small. Ordinarily there would be very little difficulty in disposing 
of such stocks on the exchange. However, they may not be desirable 
investments.’ 

In connection with market activity, it should be pointed out that 
there is no definite relation between activity and investment value. A 
reasonable degree of activity is a desirable quality, but many excellent 
securities are rather inactive, while many very active securities are of 
little investment value. 
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Sources of Data on Stocks and Bonds. — All of the larger newspapers 
of the country publish data upon stocks and bonds, such as daily price 
quotations, volume of stock or bond sales, dividend rates, dates dividends 
are declared, and short summaries of the current profit and loss state- 
ments. Much more complete information is carried in such specialized 
dailies as The Wall Street Journal or the Boston News Bureau. One of the 
best sources is the Commercial and Financial Chronicle. Poores Manual 
and Moody^s Manual give detailed information on many companies. 
Specialized service is furnished by the Standard Statistics Company, 
The Brookmire Economic Service, Babson^s Statistical Organization, and 
others. The investor can also get some information from his bank, 
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Exhibit 211. — Cyclical swings of average stock prices. (The industrial list, as shown 
above, was changed from 12 stocks to 20 as of December 1914 with the resulting effect 
of lowering the position of the index approximately 25 per cent. On October 1, 1928, the 
number of industrial stocks was changed from 20 to 30 without changing the average price.) 


and if he is not already familiar with the various investment banking and 
brokerage houses, he should seek his banker’s advice when selecting such 
.agencies. This last point, the selection of an investment banker or 
broker, is very important, for there are many hoiises in most of the large 
cities whose practices and standards are not at all satisfactory from the 
point of view of making safe and sound investments. 

Investing in Relation to Long-time or Cyclical Swings. — It should 
be emphaazed agdn that the profits made through appreciation, as 
doneddered in this discusmon, are based upon changes wMch take place 
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over a considerable period of time, such as several months or a few years. ^ 
In such analyses we are not concerned with attempts to make profits due 
to day-to-day or week-to-week fluctuations. The fundamental underly- 
ing movements in business, like the tides, can be analyzed and their 
movements can be forecast. But the short-time day-to-day fluctuations, 
like the waves, are subject to various surface conditions, which often have 
no relation to the deeper-seated forces. Probably most of those who 
deal in stocks are trying to make profits from day-to-day or week-to- 
week fluctuations, but this type of dealing, on the whole, should be classed 
as speculation and not as investment. In this discussion, we are inter- 
ested in the fluctuations which can be accounted for on an economic 
basis, such as increases in earning power. 

The opportunity to take advantage of the cyclical swings in the stock 
market is indicated graphically in Exhibit 211, which shows the Dow- 



Exhibit 212. — How changes in the prices of three stocks (an industrial, a public utility^ 
and a railroad) have offered opportunities for gain. 

Jones averages for both industrials and railroads from 1897 to 1937. 
Every few years (or sometimes months) one can buy when prices are 
relatively low and sell when prices have increased from 50 to 100 per cent, 
providing he makes the statistical analyses that will enable him to buy 
and sell the right stocks at the right times. 

Exhibit 211 shows the average prices of groups of representative 
stocks. Ordinarily, however, one is interested in the swings of individual 
stocks when he wishes to buy.* The opportunities to profit from the 

^The term ‘^long-time swings'' should not be confused with ‘‘long-time trend." 
Long-time swings is a term commonly used in investment circles to distinguish the 
changes that take place over a few months or years from the day-to-day and week-to- 
week fluctuations. The terms ‘‘long-time pull” and ‘‘long pull” arc also commonly 
used in this connection. • 

* If one wishes to invest in the average of a number of high-grade securities he can 
do so by investing in one of the better investment trusts. 
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cyclical up-swings in prices of three individual stocks (an industrial, a 
public utility, and a railroad) can be appreciated by referring to Exhibit 
212. A study of the high and low figures in the table of Exhibit 214, 
on pages 682 and 683, will also indicate the investment opportunities 
furnished by 36 oil stocks. 

It is important, as a rule, to select stocks of concerns whose basic 
trends are distinctly upward rather than downward. Unless this is 
done the declining trend will offset part, if not all, of the cyclical gains. 

From previous discussions of the effect of business cycles, seasonal 
variations, trends, and unusual movements upon business data, the 
reason for considering these factors in analyzing a company and the 
price of its securities should be apparent. Ordinarily, however, the more 
refined methods discussed earlier in this book will not have to be applied. 
If one understands the computation and the use of these methods, he can 
consider the^various forces or movements at considerable length without 
actually making the detailed computations. 

Security Price Indexes. — In making a general study of security prices, 
an index of the security market is particularly useful. Also, in studying 
the price of an individual stock (or bond) it is necessary to make compari- 
sons with the general price level of all stocks (or bonds) and with the 
price level of a group of similar stocks (or bonds), in order to determine 
whether the individual price has been affected by market conditions in like 
manner and degree. In recent years, certain indexes of security prices 
have been computed and are published regularly to show monthly, 
weekly, and even daily composite changes. Several of these indexes will 
now be discussed. 

The Dow-Jones Index of Stock Prices. — The oldest security price 
indexes that of Dow, Jones & Company, present publishers of The Wall 
Street Journal. This index was started in 1884 as a simple average of the 
daily closing prices of 11 common stocks. In 1897, this index was 
changed into two indexes: one, the simple average of the daily closing 
prices of 20 railroad stocks; and the other, a similar average of 12 indus- 
trial stocks. In 1916, the number of industrial stocks was increased to 20* 
and in 1928 to 30. In 1930, a new average of 20 utility stocks was added. 
The railroad and utility averages are still unweighted averages — that is, 
they are obtained by adding together the closing' prices of the day of the 
20 selected stocks in each average and dividing each total by 20. The 
industrial average is now an index, which, though not weighted, permits 
the occasional shifting of stocks in the average to accommodate changed 
conditions, stock dividends, etc., without destroying the continuity of 
the index. These averages are published in many financial papers and 
.magazines. Similar indexes of bond prices are also published. 

f. 

^ For the period from December 1914 to October 1916, quotations are available 
for both the 12- and 29Hitook series. (See Exhibit 211, page 569.) 
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The New York Times Index. — ^The indexes published by The New 
York Times are prepared as simple averages of the daily high, low, and 
closing prices, respectively, of 26 railroad stocks, of 25 industrial stocks, 
and of the 60 stocks combined. There are nine series — three each for 
railroad, industrial, and the combined stocks, showing, respectively, 
the course of the high, the low, and the closing prices. Like the.Dow- 
Jones Index, there is no system of weighting the prices included; each 
index is stated in terms of dollars to show the average high, the average 
low, or the average closing price of each group. The New York Times 
Index was started in 1911. 

Indexes of the Standard Statistics Company. — In 1923, the Standard 
Statistics Company introduced a weighted index based on the market 
prices of 228 stocks and weighted by the number of shares of each stock 
outstanding at the date of each price quotation. In 1929, the index was 
revised to include . 406 issues, and subsequent additions have been made 
so that in June 1938 there were 420 issues included in the index. In 
addition to the index of price movement of all stocks, this company 
publishes group indexes to indicate separately the movement in industrial, 
in railroad, and in public utility stock prices. These groups are further 
subdivided into 62 groups to give the movements according to com- 
panies producing automobiles, food products, coal, copper, oil, leather, 
etc. The indexes are based on weekly quotations (usually Wednesday 
closing prices) and the purpose is to show broad market tendencies 
rather than day-to-day fluctuations. They are expressed as percentage 
relatives with the year 1926 as a base period. 

In addition to the weekly indexes of stock prices, the company pub- 
lishes a daily index, compiled in the same manner as the weekly, but 
including only 50 industrial stocks, 20 railroads, and 20 public utihties. 
The industrial stocks included are representative of all major industries, 
and they have been chosen with a view to making the daily index closely 
similar to the weekly in direction and time of movements. 

Several supplementary indexes are prepared by the Standard Statistics 
Company. These include: (1) weekly indexes of the price and yield of 20 
high-grade industrial preferred stocks; (2) weekly index of the prices of 
19 New York City bank stocks; (3) weekly index pf the prices of 18 fire 
insurance company stocks; (4) weekly index of 18 investment trusts’ 
shares; and (5) weekly indexes of the price and yield of high-grade bonds, 
based upon 67 issues subdivided into groups of 15 industrials, 15 utilities, 
15 railroads, 15 municipal bonds, and 7 United States Treasury Bonds. 
Also a daily index of 60 bond prices is prepared, with supplemental 
indexes for 20 industrial, 20 railroad, and 20 utility bonds. 

Investigation of Hie Concern Whose Securities Are under Considera- 
tion. — ^The most important conkderation in choosing securities, whether 
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they are stocks, bonds, or mortgages, is not the conditions and rights 
stated in the security, nor is it the price in relation to otlier securities hav- 
ing like rights and conditions. Although these are important in choosing 
an investment, an investigation of the company or enterprise whose 
securities are under consideration is of even greater significance. 

In the remainder of this chapter, the principal factors ordinarily to be 
considered in investigating business concerns from the investment point 
view, will be discussed. These factors may be briefly listed as follows: 

1. Nature of the Industry. 

a. Kind. 

h. Stability and history. 

2. Location Relative to 

a. Markets. 
h. Sources of materials. 

c. Labor. 

d. Capital. 

e. Transportation facilities. 

/. Related industries. 

3. Management. 

a. Character. 

b. Success and standing. 

4. Markets. 

а. In the industry. 

б. For the concern. 

5. Capital Structure and Ownership. 

a. Control. 

b. Distribution of securities. 

6. Growth of the Concern. 

a. Reason of, in past. 

, b. Future prospect. 

7. Financial Statements. 

a. Analysis of. * 

b. Ratio analysis. 

c. Accounting policy. 

8. Earnings Records and Reality of Earnings. 

9. Stock and Bond Prices; Financial Policies. - 

. a. History. 

b. Yield. 

c. Dividend and other financial policies. 

10. Safety of Principal and Income. 

a. Appraisal of risk. 

b. * Adequacy of return in relation to risk. 

11. Businem Cycles, Seasonal Variations, .Trends, Unusual Movements. 

a. Of the concern. 

b. In the industry. 

c. ‘ In general. 

Nature of the Industry. — Usually the first consideration in chobsing 
the securities of a concern for an investment is the nature of the indiistry 
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in which it is engaged. Industries having government franchises, under 
which competition is limited, and permanent operation for a fair return 
has been aided by state or national regulation, are not comparable with 
other industries. Therefore, the problems in choosing the security of 
a railroad, a telephone, or a gas and electric corporation are not the same 
as those encountered in investing in an oil company, a lumber operation, 
or a department store. Even in picking the securities of these last men- 
tioned types of companies, the important points to investigate vary 
because of differences in the industries. Oil companies may produce in 
the oil fields; they may also refine; and they may distribute to the retail 
trade through their own stations. Lumber-producing companies usually 
do not retail their products to the consumers. Department stores deal 
only with consumers and, usuallyj only within a limited area. Because 
of such differences in the nature of the business of these companies, it is 
•not possible to compare their investment attractiveness solely on the 
basis of their financial statements at a given moment of time. Partic- 
ularly, the conditions must be examined to determine the stability of the 
industry and its prospects for the future. 

Companies that manufacture luxuries ordinarily are more hazardous, 
from an investment standpoint, than those that produce necessities. 
Temporarily, the profits earned by producers of amusement equipment, 
such as sporting goods, may" be large; but continuing profits are not so 
probable in such industries as in sugar refining or cigarette manufacturing. 

Concerns manufacturing consumers^ goods usually suffer less in 
depression periods than companies manufacturing capital goods which 
are used in plant expansions and in the creation of new industrial enter- 
prises. Often such capital expenditures, as for new buildings, equipment, 
and even the maintenance of existing equipment, can be deferred for 
several years, whereas goods for direct consumption usually have a more 
steady demand. 

Often the best opportunities for investment in an industry exist when 
conditions appear to be at their worst. In industries that have proved 
to be indispensable, the securities of the strongest companies are some- 
times available at particularly low prices, because the industry has 
suffered a severe or extended period of depression. During such a depres- 
sion many investors do not recognize that readjustments are taking 
place — competitors are being eliminated and overexpansion is being 
corrected. These factors often make the securities of the surviving 
companies particularly desirable at the moment when short-sighted 
holders of these securities are most discouraged. At such times, if the 
careful investor determines beyond all reasonable doubt that the industry 
is a permanent one and that the prospects for better conditions are not 
too far in the future, he is assuming a low risk in purchasing securities 
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of the strongest companies. Obviously, such analyses to determine the 
permanence and the future prospects of the industry must be made care- 
fully, and they require the collection of much statistical data on conditions 
in the industry aiid the' use of the products. 

Location of Enterprise. — When selecting an investment, it is impor- 
tant to consider the location of the enterprise in relation to its markets, 
its sources of raw materials, capital, labor, and such other considerations 
as the' general reputation of the community. In many instances, an 
enterprise cannot have the best location from the point of view of all 
of these factors, but it should be well located in relation to at least some 
of them. Often it is desirable to gather data which will show whether 
the industry should be located near one factor or another if these factors 
are scattered. Industries vary widely in this respect.. A lumber mill 
ordinarily will be located near the timber supply so that it will be neces- 
saiy to transport only the commercially valuable portions of the logs.* 
Bread manufacturing, on the other hand, must take place near the market 
because of the high rate of deterioration of the finished product. 

Another important consideration is location in relation to transporta- 
tion facilities. This involves a study of waterways, railroads, highways, 
airmail routes, and any other method of transportation or communication 
of importance to the concern. 

Some communities have developed in such a way that they present 
advantages for certain kinds of industries as compared with communities 
which do not have such development. An automobile manufacturer, 
for instance, finds a trained labor supply, sources of capital in sympathy 
with the automobile industry, and the necessary related industries in 
and around Detroit. New England is noted for textiles, Ohio for iron 
and steel, Minneapolis for flour milling, and Los Angeles for motion 
pictures. Anything as unusual as a cotton textile mill in North Dakota 
or an automobile factory in Arizona should be investigated with more 
than the usual care before considering it as an investment. 

Necessity for Checking up on the Management. — In the preceding 
outline of factors to be conridered, one of the principal items is manage- 
ment. It may seem that this factor would be the only one that need be 
considered, and that the checks upon the success of any management 
need not be statistical. This is not the case, however, for it is in connec- 
tion with checking the management that statistics serve one of their most 
useful purposes; it not uncommonly happens that when the management 
is apparently successful, conditions are actually very unsound. A repre- 
sentative illustration of this is the 1920 difficulty of the Goodyear Tire 
and Rubber Company,^ described in Chapter XIII. The phenomenal 

^ After the 19^ reorganization, the Goodyear Company prospered} and in the 
depresrion of the 1980’s it was one ^ the strongest of the rubber companies. 
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growth of this concern and its large surplus caused many investors to 
believe that the*company wap in the hands of an exceptionally capable 
management. A check-up of the management in 1919, however, would 
have indicated that the company had recklessly expanded its fixed invest- 
ment at high costs, and that it had a large merchandise inventory which 
had been accumulated at high prices during the prosperity period of the 
business cycle. The prudent investor, with these facts at hand, would 
know that the company would be in no condition to pass through a period 
of depression in industry. It not infrequently happens that a manage- 
ment which is successful in building up., an industry is deceived by its 
own optimism into thinking that an unsound financial structure is safe 
and strong. 

Markets for the Concern’s Products. — One of .the most important 
factors to be analyzed in making investments is the market for a con- 
cem^s products (or services). Under our present economic organization, 
a company has less control over this factor than over many of the others, 
and consequently the outlook for the market for a concern’s product 
must be favorable at the outset. Ordinarily a company can change 
its methods of manufacturing, or even its financial organization, for 
these are internal questions which can be controlled within the concern. 
But the market depends upon external conditions and, ordinarily, success- 
ful development depends upon meeting the conditions of the market 
rather than upon trying to change the market to fit the product. To be 
sure, such forces as advertising or salesmanship can be used to create 
demand, but competition is so keen that even where they are used to their 
fullest extent, the product must be one which will definitely satisfy the 
demand of the trade if the concern is to benefit from a lasting market. 

It is in analyzing the conditions of the market for a concern’s product 
that the investor has one of the greatest- opportunities. A few years 
ago the securities of certain agricultural machinery manufacturers were 
low priced because the poor implement and machinery market resulted in 
small or no profits, with corresponding dividends. Farmers had not 
been buying machinery nor implements since the agricultural depression 
of 1920. An analysis of the market showed that the farm purchasing 
power was increasing and that the need for new farm equipment was 
greater thm it had been for several years. A substantial decline in the 
raising of horses also indicated that there would be an increase in the 
demand for substitutes in the form of tractors. The indicated improve- 
ment in the market for agricultural equipment took place, and the securi- 
ties of the established manufacturers correspondingly increased in value. 

Suggestions for making surveys of the market for a concern’s products 
were^given in the previous chapter on Marketing Analysis. Though the 
mvestor's point of view i 9 ..som 6 what different from the point of view .of 
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the sales manager, the principles are the same,^ and need not be dis- 
cussed again at this point. As in the previous chaf)ter, the market 
should be analyzed for the industry as a whole as well as for the individual 
concern. 

Capital Structure and Ownership. — Inquiry regarding the ownership 
and capital structure is important for several reasons. One should know 
something about the policies of the group of shareholders that controls 
the organization, and how widely the ownership is distributed. It often 
happens that two large groups of stbckholders with two widely different 
policies of operation and management are constantly fighting for control. 
As a rule, such a condition is undesirable, for it makes consistent progress 
difficult. Again, it is very important to know what proportion of the 
ownership is held by the management, since the condition is ordinarily 
more sound when the management (if an able one) has a considerable 
share in the ownership than when outside interests are the principal 
owners. An instance of this is the case of a certain large building-mate- 
rials manufacturer. In this concern, which was doing a very good busi- 
ness, a few large stockholders, who were not particularly interested in 
the firm’s future, sold their shares to a competitor who thereby gained 
control. Upon this change in control, an assessment was levied upon the 
stock, and, at the same time, the manufacturing plant of the company 
was closed. Furthermore, it was understood that in the future the 
company would produce only raw materials, to be sold to the company 
which had acquired control at a price so low that it would be impossible 
ever to pay dividends on the stock of the first company. Consequently, 
the stock of the minority stockholders became practically worthless, and 
most of it was forfeited because the assessments were not paid. Although 
the minority stockholders instituted legal proceedings, they were not 
successful. In this particular case, an analysis of the ownership before 
investment would have indicated that this danger existed. 

In connection with capital structure and ownership policies, the form 
of capitalization — that is, the proportions of bonds, preferred stock, 
common stocks, etc. — should be considered, as discussed previously. 
Earnings records and stock prices will be discussed later. 

Growth of an Enterprise. — ^The security of an investment depends 
considerably upon the stability of the enterprise. For instance, one 
would not wish to make an investment in a concern whose business may 
be legislated out of existence. As a rule, the important risks which are 
typical of the industry are not difficult to discover, and if the investor 
is conservative, he will avoid those where the risks are great, although 
there may be unusual chances for gain if the concern is fortunate. 

' The success of many concerns depends upon near-by natural resources, 
and they cannot prosper after these resources have been exhausted. The 
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supplies of some natural resources, such as standing timber, are known, 
while others, subh as natural gas, are unknown. There are many 
instances of factories being built which depended upon natural gas as a 
fuel, where most of the investment was lost because the supply lasted 
only a few years. In other cases, the concem^s success has depended 
upon the ownership of a certain patent, and the prosperity of the concern 
was limited to the life of the patent. 

Some concerns have grown because of superior judgment and keen 
analysis of their problems by their management. Others have grown 
because of extremely fortunate conditions for which they are not in the 
least responsible. Other things being equal, the concerns in the first 
group are more likely to continue to make progress than those in the 
second. 

Ordinarily, the conditions most desirable from an investment point 
of view will be found in connection with large concerns rather than with 
small ones, although this is not always the case. Most of the securities 
that are well known and have a ready market are those of the larger 
concerns. The conservative investor will take care to select invest- 
ments only in the enterprises which are of a reasonably permanent nature 
and which can profit by the general expansion or long-time growth of 
business as a whole. 

Analyses of Financial Statements. — Financial statements published 
by corporations are of two kinds. One type, the balance sheet with 
supporting exhibits, reports the financial condition at a given date. 
The other type, the profit and loss statement and supporting information, 
states the results of operations over a period of time. By studying the 
facts presented in these statements, considering the two types of state- 
ments individually and also in relation to each other, the results of the 
management, the growth of the company, the changes in the financial 
structure, and other important information can be obtained. 

Unfortunately, all companies do not publish complete balance sheets 
and profit and loss statements. Also, the financial magazines and 
newspapers do not always reprint the complete statements issued by the 
leading companies, but condense these reports to a point where inade- 
quate information is given. When possible, investors should obtain 
complete financial statements over a period of several years and analyze 
them carefully. It is strange that many purchasers of securities in the 
past have investigated their purchases much less carefully than they 
would investigate an automobile or a suit of clothes before purchasing. 
Yet, in buymg securities, they should rely even less, upon sales talk 
than in buying automobiles and clothing. Unfortimately, but few 
security salesmen have been trained to. make real analyses of. their 
merchandise. ‘ * 
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In the paragraphs which follow^ several procedures in analyzing 
statements will be presented. The first methods con&idered will deal 
with the. balance sheet. 

The 100 Per Cent or Common-basis Statement, — Comparison of the 
financial condition of one corporation with another is difficult unless their 
balance sheets are reduced to a common basis. This can easily be done 



Company A 

Company B 

Amount 

Per cent 

Amount 

Per cent 

Assets 





Cash 



$12,000 

2.4 

Receivables 



50,000 

10.0 

Merchandise 


10.0 

40,000 

8.0 

Total current 

$29,000 

29.0 

$102,000 

20.4 

Fixed assets 

69,000 


383,000 

76.6 

Deferred charges 

2,000 


15,000 

3.0 

Total assets 

$100,000 


$500,000 

100.0 

Liabilities and net worth 





Notes payable 

$6,000 

6.0 


2.0 

Accounts payable 

8,000 

8.0 


4.0 

Other current 

1 

3,000 

3.0 


.4 

Total current 

$17,000 

17.0 

$32^000 

6.4 

Bonds, etc 

20,000 

20.0 

150,000 

30.0 

Total liabilities 

$37,000 

■n 

$182,000 

36.4 

Net worth 

63,000 

mm 

318,000 

63.6 

Total liabilities and net worth. . . .. 


100.0 

$500,000 

ioo:o 


EiXHiBiT 213. — A simple illustration of the 100 per cent or common-basis statement. 


by converting the dollar, values of each to percentages of the total of each 
side of their respective/balance sheets. The procedure is illustrated in 
Exhibit 213. It will be seen that, when reduced to percentages of the 
whole, each item in the statement can readily be compared with simi- 
lar items on other statements. 

It is particularly desirable' to compare the 100 per cent or common- 
basis statement of a given concern with the usual or average statement of 
like nature prepared for similar concerns. Data have been assembled by 
various organizations, such as the Robert Morris Associates (Lansdowne, 
Pennsylvania) and various bureaus of business research of universities, 
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which show the composite assets and liabilities of many companies. 
Some of the statements published by these research organizations present 
data for groups of unclassified industrial concerns, whereas other tables 
are given for groups of companies classed as drugs, lumber, boots and 
shoes, wholesale dry goods, etc. Obviously, the latter type of table is 
very useful in comparing the condition of a given concern with other 
companies in the same industry. 

This form of analysis is also useful in studying one corporation over a 
period of years. By reducing each item on the balance sheet at each 
balance sheet date to a percentage base, the significance of the changes in 
items from year to year can be seen. For example, if merchandise inven- 
tories have increased in amount over a period of years, by determining 
the percentage which the amount at each year bears to the total assets, 
it can be seen whether or not the inventory has increased out of proportion 
to the increases in other assets. And usually it is not the amount of 
increase in an asset or a liability that is important; it is the change in 
relationship to the total that is significant. 

Use of Ratios in Analyzing Statements. — While the determination of a 
concern’s strength or weakness cannot be removed from human judgment 
and be based solely upon mathematical calculation, nevertheless, ratios 
are of considerable value to investors in interpreting the accounts. The 
eight most important ratios in analyzing financial statements are: 

1. Current. 5. Sales — merchandise. 

2. Worth — debt. 6. Sales — ^receivables. 

3. Worth — fixed. 7. Sales — fixed. 

4. Merchandise-receivables. 8. Sales — worth. 

These eight ratios may be classified in two groups: the first four pertain 
to the status of a business (shown by the balance sheet) at a certain time, 
while the second four are significant because they measure the changes 
effected between statement dates. 

The current ratio is the ratio of current assets to current liabilities. 
This ratio has been widely used by bankers when making loans. Before 
the World War, a statement which showed current assets and current 
liabilities in the relation of 2 : 1 was ordinarily considered to be a safe risk. 
It is now generally realized, however, that such a relation may be safer 
than necessary in a period of depression and distinctly unsafe in a period 
of prosperity. This ratio has its chief significance when compared to the 
same ratio of other concerns in the same industry operating under similar 
conditions. 

Even under normal price conditions the current ratio alone is not 
conclusive as to the financial strength of any business. It must be 
considered along with other raftios rather than as a definite criterion in 
itself, A concern with a current ratio somewhat below the prescribed 2 ; 1 
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may be in better financial condition than one having a much better 
current ratio. If the latter has a heavy bond issue outstanding and the 
former has no long-term obligations, obviously the difference in their 
current ratios is not conclusive of their relative strength or weakness. 
Also, in railroads and in public utilities particularly, the current ratio 
is of relatively minor significance where the general credit standing of the 
company is sound, because in such instances the current debt can be 
eliminated by the issue of bonds or preferred stock. 

The second ratio listed above, that of net worth to .total debt, is 
considered by some to be equally as important as the current ratio. This 
ratio shows the proportion of owned to borrowed capital. It is impossible 
to state a definite ratio as the id6al, however, as a ratio may be conserva- 
tive for one industry and yet be unreasonable for another. In the case 
of a railroad, for instance, a ratio of 1 : 1 might not be alarming if there 
were uniformity of income to meet fixed charges on indebtedness, bift in 
most manufacturing concerns the ratio of 1 : 1 would not ordinarily be 
very safe. 

The ratio of net worth to fixed assets is one which shows the liquidating 
protection afforded to creditors. If this ratio is high — that is, if the net 
worth is large in comparison with fixed assets, the creditors are given 
greater protection than where the ratio is low. Comparison of this 
ratio at various dates for the same company shows whether or not the 
policy of the company is to give the creditors better protection or to 
increase the extent to which creditors are financing the plant assets. 

The ratio of merchandise to receivables (trade notes and accounts 
receivable) is really a check on the current ratio, discussed above. It 
shows the relative composition of the main items of current assets. 

The four other ratios mentioned above — ^namely, sales in comparison 
(1) with receivables, (2) with merchandise, (3) with fixed assets, and (4) 
with net worth — are methods of measuring how productive the business 
has been in relation to individual assets and in relation to the total net 
assets or net worth, which is the excess of assets over liabilities. 

It is not within the scope of this chapter to discuss these or other ratios 
in detail, as such a discussion would require an entire book. Those 
mentioned constitute only a few of the most useful. And in order to 
use these ratios satisfactorily, considerable practice in computing and 
studying them in different companies is necessary. Particularly, it is 
difficult to determine the importance to be given to the different ratios. 
For credit purposes (that is, for those planning to become creditors), 
it has been suggested that the following weights be applied to the ratios in 
determining an index of credit strength:^ 

^ Wall, Albxandbr, and Raymond W. Dunino, *' Ratio Analysis of Financial 
Statements,” p. 158, Harper Brothers, New Vork, 1928t 
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Relative valy,e 


or weight 

Ratio (per cent) 

Current 25 

Worth — debt 25 

Worth — ^fixed 15 

Sales — receivables 10 

Sales — merchandise 10 

Sales — fixed 10 

Sales — ^worth 5 

Total value of all ratios 100 


When data on profits are available, two additional ratios—profits 
on sales and profits on net worth — have been found highly important. 
When these ratios are included in the index of credit strength, obviously, 
an adjustment of the above weights is necessary. 

Earnings Records. — One writer has said, “All elements of investment 
value may be reduced, ultimately, to the earning capacity the ec^onomic 
reason to be — of the enterprise.”^ In analyzing an investment, one 
should determine whether or not the company’s statement of eaniings is 
significant and acceptable. In this connection, it is very important to 
study the earnings statement together with the balance sheet. Such a 
study should include a comparison of current reports with those of earlier 
years, in order to determine whether or not the concern is making 
progress. The results will be indicative of the stability of earning power 
and character of management. Such a comparison indicates the normal 
condition and assists in indicating whether the current report covers an 
abnormal, normal, or subnormal year of earning power. It is difficult 
to say which, on the whole, is the more important, the earnings statement, 
or the balance sheet. It is really necessary to use both and to analyze 
the features of each in the light of the other. 

In considering an investment in the common stock of a company, it is 
essential that both the capitalization (as revealed by its balance sheet) 
and the market price per share of the common stock be considered 
in relation to the record of earnings. Exhibit 214 presents an example 
of a tabulation of data which are very helpful in analyzing common- 
stock investment opportunities. In this example, data are given for 36 
oil stocks on dividends, price ranges, net earnings per common share, 
gross operating income, assets, capitalization, book value per common 
share, working capital, and major operating fields. Statements like that 
shown in Exhibit 214 furnish valuable information, not only in considering 
one company, but also in comparing the common-stock investment possi- 
bilities of different companies. When such comparisons are made within 

^ Dewing, Akthur Stone, “The Financial Policy of Corporations,” The Ronald 
Press Company, New York, J926. • 
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- Kaplwiatory notea -• 

Funded debt: Ineludee aubaidwry oUigntions, end guaranteed bondii. 

Cash and equivalent: Ineludee eall loam, time depoaite, and markclabte arcuritieH at b 
ilepoaitM and eompany'a own aecuiitiea. 


o aheet value unleaa market value ia lower;— Kacludea q 


** Parent Company Only. 

**•26 Par Value. 

** Before Eatiaordinaiy Chargee. 
” lAcl. Eatnordinniy Ineome. 
'*Exelud.Beeuritiee Called. 
’^Caeh Only. 

” Enittd. Eatnoniinanr Ineome. 


■* After Extraordinary InwnM. 
•M Mar. 81, 1938. 
•MNotCaleulatad. 

M* Apr. 3(H 1038. 

'M June 30, 1087 
•Mt2.50 Par Value. 

•» Four Montha Ended April 30. 


'* Preferred Dividend AeoumuIalionB 
Approaimate 13,080,922. 
’’Preferrad Dividend Aeeumulationa 
Annonmnte 107 JR7. 

'•For 1037 nnd 1936 Fiaeal Yean 
Eading Jum 30. 


tors pertinent to the investment values of a group of common stocks. (CourteBy, MovMy 
Broad Street^ New York,) 
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industries (as in this exhibit), as well as between industries, the investor 
can more readily determine the relative advantages*" of the common 
stock that he is considering. 

• Not many published profit and loss statements contain more than a 
report of net earnings, .income from outside sources, total income, and 
total deductions therefrom. Such a report calls for an even closer study 
of the balance sheet in order to discover what reserves have been allowed, 
what deductions have been made for depreciation, etc., before the figure 
for net income was determined. Complete statements of income and 
expenses are highly desirable aiid often can be obtained if the company 
has a wide distribution of its securities. Only by obtaining the details of 
income and expenses can it be determined whether the company is 
increasing its net income through a greater output, or by the reduction 
of costs, or by both. A ‘figure of value in this connection is the operating 
ratio — that is, the proportion of net income which is consumed by 
expenses. A comparison of this ratio, for the concern under considera- 
tion, with those of other companies similarly situated often discloses the 
relative efficiency of the management and the relative situation of the 
concern in question. 

The history of the earnings should be studied over a period that is 
long enough to carry them through at least one period of depression. For, 
as a rule, the true test of a concern’s management and stability depends 
upon the manner in which profits are earned during times of stress. As 
indicated previously, earnings often fluctuate very widely as a concern 
passes throu^ the different phases of the business cycle. 

Reality of Earnings. — While the income statement is often considered 
to be the most important indication of the value of the securities of a 
company, it should not be accepted without verification by comparison 
with balance-sheet changes. The earnings of a company must be verified 
in two ways to determine whether or not they are real. First, they must 
be verified from the standpoint of accuracy and conservatism in account- 
ing, and, second, they must be verified from the standpoint of ultimate 
availability to the security holders. Verification from the first point of 
view has been more common in the past than from the second, for many 
analysts have failed to consider what is done with the earnings of com- 
panies— that is, they have failed to perceive whether earnings are profit- 
ably or improfitably invested in additional fixed or working assets 
when not used in the reduction of liabilities or distributed as dividends. 
One of the best signs of a sound concern, from an investment point of 
view; is a steady growth 'in business financed wholly out of surplus 
earnings. 

In checking the accuracy of eamings statements, it is first necessary 
to see that the reported earnings, less 'dividends declared during the 
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period, represent the change in earned surplus from the beginning to the 
end of the period, as indicated in the balance sheets of these two dates. 
Ijosses suffered are sometimes charged directly against earned surplus, 
so that the earnings statement does not reveal the exact change in earned 
surplus during the period. Yet such losses may materially affect the 
accumulated profits available for dividends. 

Furthermore, changes in methods of computing certain expenses 
can often be detected by analyzing balance-sheet changes, and the con- 
servatism of the company in comparison with other companies can be 
seen in this manner. For instance, depreciation and depletion expenses 
as recorded in the profit and loss statement must be compared with the 
properties operated. These items are particularly important in railroad 
and other public utility companies, and in all companies having a large 
physical plant. Unless an adequate rate of depreciation (and of deple- 
tion, where wasting assets are operated) is used, the profits of the period 
will be overstated, and, conversely, if this rate is overstated the profits will 
be too low. Also, maintenance expenses should bear a reasonable rela- 
tion to the amount of plant property operated, and to the extent to which 
it is operated in a given year (which is indicated by the gross revenues in 
the case of railroads and public utilities). 

Where reliable statements of depreciation and other rates used by 
various companies are published, comparison with these rates should be 
made in studying the statements of any company. For example, depre- 
ciation rates on locomotives, passenger cars, freight cars, and work 
equipment used by the Atchison, Topeka and Santa Fe Railway recently 
have been at from 2.9 to 4.8 per cent, depending upon the construction 
and type of equipment, whereas the Great Northern Railway uses 
from 2.7 to 2.9 per cent and the Union. Pacific has adopted rates varying 
from 3.2 to 4,7 per cent.^ In analyzing the earnings of a railroad, 
reference to the rates used by companies operating under conditions 
similar to those of the road under consideration will indicate the relative 
conservatism of the company in recording depreciation expense. 

Maintenance expenses, as reported in income statements, often 
vary from year to year in an unreasonable manner. In order to determine 
the adequacy of the reported maintenance expense, this expense, as shown 
in the profit and loss statements over several years, should be ascertained 
and expressed as a percentage of deprecis^ble plant (or on a mileage, 
basis, or rate per locomotive, etc., in the case of a railroad) . For instance, 
if S3, 000 per mile is spent for maintenance of way by a railroad in one 
y«ar, and $600 per mile is all that is recorded the next year, obviously the 
earnings of the two periods are not comparable. One authority states; 

* Mimdy’s “Earning Power of Railroads,” pp. 28-29, published by Jas. H.' Oli- 
phant ift Company, New York, 1936. . 
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. when under fairly normal conditions a railroad’s maintenance of 
way expenses average below say $1,500 per mile of road these expenses 
should receive careful scrutiny by the intending investor.”^ 

While these examples of analysis to determine the accuracy and 
conservatism of corporations in stating their earnings are very important, 
it is to be noted that the above remarks are only a suggestion of this 
type of analysis. Detailed comparisons of many items of expense among 
different companies, and for the company under consideration over a 
period of years, are necessary in a complete analysis to determine the 
soundness of income statements. 

Even when it has been determined that the earnings of a given 
period are stated conservatively, these earnings may never be realized by 
the stockholders. In other words, they may never become real to the 
investors in common stock, because they may never be passed on to 
them, but may be reinvested in a plant which fails to produce propor- 
tionate profits. 

The statements of the Studebaker Corporation from December 31, 
1922, to December 31, 1928, afford an illustration of profits reinvested in a 
plant which has not as yet ineffeased the earnings of the company. Dur- 
ing the six-year period, plant assets, as shown on the company’s balance 
sheets, increased from approximately 64.8 million to 86.3 million dollars, 
or 33.2 per cent. This increase was accomplished by the investment of 
profits. The surplus and the proprietorship reserves increased in 
approximately the same amount as the plant — namely, from 14.7 
million on December 31, 1922, to 38.6 million on December 31, 1928. 

Yet this increase in plant did not produce greater profits or more 
business. Earnings in 1928 (a particularly good year in the automobile 
industry) were $13,947,181 as compared with $13,773,869 in 1924. The 
intervening years produced reported earnings of approximately 16.6 
million in 1925, 13 million in 1926, and 12 million in 1927. From the 
standpoint of sales in dollars, in no year since 1923 has a volume been 
obtained that equaled the amount of 166 million obtained that year; 
in 1928 the sales volume was 157.7 million. Also, in units of cars pro- 
duced, there was a decline from 145,167 cars in 1923 to 136,205 in 1928. 
In short, there is no evidence that the earnings in excess of the portion 
distributed to the stockholders were put into productive use. Although 
the book value of the plant increased, its apparent productive value did 
not increase proportionately.^ 

/ Mundy’s ** Earning Power of Railroads,” p. 23. 

* At the end of 1929, after acquisition of the Pierce-Arrow properties, the plant 
accounts of Studebaker Corporation were reduced to 79.8 million. Apparently, the 
plant was reappraised and the values of plant items were reduced in the merger of 
the two companies. Earnings for 1929 were reported as 1 1 .9 million, but the company 
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In comparing the Studebaker Corporation with other companies, it id 
interesting to note that the Chrysler Corporation earned almost 22 
million dollars in the first nine months of 1928 with a smaller plant 
account than Studebaker, and the Packard Motor Car Company earned 
nearly 22 million dollars in the year 1928 with a plant account of less than 
31 million dollars. These instances give further evidence of the unpro- 
ductive policy which the Studebaker Corporation pursued during the 
years 1923-1928 in investing earnings in the plant. While Studebaker 
was putting surplus into a plant to manufacture many of the parts usually 
assembled by automobile manufacturers, other companies were assem- 
bling these parts at lower costs than those of Studebaker. Thus, it 
is evident that the earnings not distributed by the company during 
the six-year period cannot be considered as real earnings, and if future 
earnings are used in the same way, they will not be real. 

As it is a common practice of companies to reinvest earnings in plant, 
it is always important to analyze the results of such investments. If 
earnings are increased by this procedure, the practice is sound, but if the 
earnings so invested are unproductive, they are lost to the stockholders. 

Stock and Bond Prices in Relation to Earnings. — The history of 
stock and bond prices over a considerable period of years and a com- 
parison of the prices of individual securities at a given time are necessary 
considerations in making investments. In such studies, it is not the price 
alone that is important; it is the relation of the price to earnings that is 
significant. 

In making investments in bonds, other than government issues, the 
number of times the bond interest charges have been earned by the 
company over the past years and the expectations for the current and 
future years are of first importance. Similarly, in considering preferred 
stocks, an investor should ascertain the number of times the dividend 
requirements of each stock have been earned by the respective company, 
and the regularity or irregularity of such earnings in relation to the 
dividend requirements over a period of years. For example, if a bond 
or a preferred stock has a record of earnings which shows that at least 
twice the interest or dividend requirements have been earned each year 
for the past several years, it is to be expected that such a bond or preferred 
stock will sell on a higher price basis than others which show earnings 
that sometimes fall slightly below requirements. 

Common stocks also should be studied from the standpoint of earnings 
per share in determining the price at which a certain stock should be 
bought and in choosing the particular stocks that appear to be the monx, 
favorable for purchase. Exhibit 215 presents the high and the low prices 

failed to weather the ensuing depression and, after suffering a loss of 8.7 million in 1932. 
it was placed in receivership on March 18, 1933, and subsequently was reorganized. 
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215. Thesd' jN^e-eamings ratios are also*^ called prices as multiples 
of earnings/^ and they show, for example, that J. I. Case Co. common 
stock sold in 1937 as high as 14.27 times the 1937 earnings and as low as 
5.96 times those earnings. 

In Exhibit 216, the stocks have been grouped according to industry 
classification, and it is[ interesting to note that the common stocks of 
companies in certain industries sell on a much higher basis than those 
in other industries. Barticularly, it will be observed that stocks of 
chemical, electrical equipment, and food industries usually sell on a 
relatively high times-earnings basis. Within each group, considerable 
variation in the relative prices is also evident, as can be seen by comparing 
the stock of Chrysler Corporation with that of General Sectors. 

The type of analysis shown in Exhibit 215 can be expanded to show 
a comparison of the price ranges of individual stocks, in rolaition to the 
earnings, over a period of years. For example, a study of the price- 
eamings ratios of United Fruit Company stock from 1929 to 1936 
shows: 


Year 

High 

Low 

1929 

23.4 

14.6 

1930 

24.8 

11.0 

1931 

29.2 

7.5 

1932 

16.5 

5.2 

1933 

21,4 

7.3 

1934 

18.6 

14.2 

1935 . 

26.1 

17.0 

1936 

17.8 

13.6 


To use this information in connection with a proposed pm^chase of the 
stock, the gamings of the current year, and prospects for the following 
year, should be considered. If, for example, the stock can be. purebred 
at 60, is it, high or low in relation to expected earnings? If the current- 
year earnings are estimated at $3.50 to $4.00 per share, at what price 
might it be expected or be possible that United Fruit will sell? 

Although accurate estimates of future earnings often cannot be 
obtained; it is essential that the latest and best information be considered 
before buying. Estimates are made for many stocks by the Standard 
Statistics Company, Inc., and are published in the Investors Guide Stock 
Reports. Periodic reports of earnings for many compact are published 
initio StavMrdEarnirvgs^^^ ^ 

^ United Fruit Company earnings (preliminary) for the first quarter of 1938 are 
showp at 87 cents per share, as compared with $1.17 in the first quarter, of 1937, in 
tie July 1988 Stondord BMsNn. However> ;the July 18, 1938, issue of the 
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A further check on expected earnings of the current year can be 
obtained by investigating the earnings records of a company in relation 
to the Federal Reserve Board Index of Industrial Production. If, for 
example, a company earned $2.00 per share in a year when this production 
index averaged 80, it may be reasonable to expect a similar current-year 
result if the current estimate of industrial production for the year is 
approximately 80. 



Exhibit 216. — An understanding of the differences in the cylical movements of prices 
of stocks and bonds, as shown in the above chart, is fundamental to investment analysis. 
(The Standard Bond Price'lndex has been converted to percentage relatives.) 


In considering stock and bond prices, it is important to note that 
stock prices fluctuate much more widely than bond prices, and that their 
movements do not always correspond in time and in direction (see Exhibit 
216).^ The best time to buy stocks may not be the best time to buy 
bonds and vice versa. For instance, the bond market steadily declined 
during 1928 and most of 1929, so that at the peak of stock prices in 1929, 
bond prices were at the lowest level in five years. Ordinarily, however, 
the effects of easy and tight money situations are reflected in both stock 

Investors Guide Stock Reports estimates that the 1938 earnings for the year will not 
dip badly below 1937 earnings. 

^ The stock price index in Exhibit 216 is the Standard Statistics Company’s 
Monthly Industrial Stock Price Index and the bond price index is this company’s 
Bond Price Index, The stock index is regularly stated in percentage relatives (1926 « 
lOD) and the bond index is stated |n dollars. Fpr the purposes of Exhibit 215 the 
bond index has also been converted to percentages .of a 1926 base. 
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and bond prices, but with much more pronounced results in stock prices 
for reasons preriously explained (note the time correspondence of the 
cyclical dips of 1903, 1907, 1913, 1921, 1923, 1932, and 1937 in Exhibit 
216). 

The preceding discussion applies to the stock and bond price situa- 
tion in general. When specific issues are considered, it is ordinarily 
possible for the investor to shift funds from stocks when stock prices 
are high to certain good bonds which may be purchased on relatively 
favorable bases. Then, when stock prices decline, the funds can be 
shifted back again to carefully selected stocks. It is very important in 
making investments to realize that at all times many stocks and bonds 
are out of line with the average prices. In relation to the average, some 
are overvalued and some are undervalued, and it is necessary to analyze 
carefully the individual issues and select those which can be purchased 
at the most favorable prices. 

Computation of Bond Yields. — Investors in bonds do not always 
realize what they are buying for the price that they pay for a bond. For 
example, when a person pays par for a bond he is buying not only the 
right to receive back the principal of the bond at a future date, but he 
is also buying the right to interest payments during the period to matu- 
rity. The value of the bond is, therefore, the present worth of the 
principal plus the present worth of every interest coupon. For example, 
if one buys a 6-year 6 per cent bond at par, interest payable semiannually, 
what one really buys is 10 (coupons of $30 each and one coupon of $1,000. 
Obviously, money due six months to five years hence is not worth par 
to-day. One would not pay $300 for these 10 coupons and $1,000 for 
the principal, or a total of $1,300 for this bond now. What one really 
does in buying this bond is to discount these 10 little promissory iiotes 
and the one big promissory note and figure them at to-day's value, 
which is as follows: 

29.13 for first coupon, due in 6 months 
28.29 for second coupon, due in 12 months 
27.45 for third coupon, due in 18 months 
26 . 65 for fourth coupon, due in 24 months 
25 . 88 for fifth coupon, due in 30 months 
25.12 for sixth coupon, due in 36 months 
24 . 39 for seventh coupon, due in 42 months 
23 . 68 for eighth coupon, due in 48 months 
22 . 99 for ninth coupon, due in 54 months 
» 22.33 for tenth coupon, due in 60 months 

and 744 . 09 for the principal due 5 years hence. 

$1 ,000.00 for the 10 coupons and principal. 

In brief, when one buys on March 1, 1938, a 6 per cent bond due 
March 1, 1943, one really payS 
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$744 . 09 for the principal 
and 255 . 91 for the coupons or interest. 

$1 , 000 . 00 for the bond. 

It may seem strange that in many bonds the present worth of the 
interest exceeds the present worth of the principal. This is true of most 
bonds with a maturity of over 12 years, and of all bonds with a maturity 
of over 20 years. For example, a 20-year 6 per cent bond purchased at 
par of $1,000 at date of issue is worth $693.44 as to interest coupons 
alone, and $306.56 as to principal. That is, in paying $1,000 one is pay- 
ing over two-thirds of this amount for the right to receive interest semi- 
annually for 20 yeiars and only one-third for the right to receive back the 
principal. This illustrates the importance of considering the . earning 
power of a concern when buying bonds as well as when buying stock. 
An even more striking example in the case of bonds is afforded in the 
West Shore First 4’s, due in 2361. The present worth of the entire prin- 
cipal of $1,000,000 of these bonds is now approximately $.06. That is, 
$1,000,000 due in 423 years is worth to-day, on a 4 per cent basis, com- 
pounding semiannually, only six cents. 

Safety of Principal and Income. — Safety of principal and income has 
been emphasized throughout the preceding discussion, but it is believed 
that it is well to point out again some of the important factors in this 
connection. It has been estimated by the Federal Trade Commission 
that $500,000,000 per year are paid for worthless securities. With all 
of the protection that is provided by the government and private institu- 
tions, these enormous sums are lost annually because the investors have 
not made sufficient checks regarding the safety of their investments. 
Every investor will, of course, decide for himself how much information 
he should get and from what sources he will get it. But, on the whole, the 
type of information which comes to investors in the form of advertising 
or in connection with selling effort is likely to be of the type that should 
be investigated and compared with other securities which are not being 
pushed, before an investment is made. On the whole, the best stocks 
and other types of investments are not conspicuous. If any one is 
making an unusual effort to sell a certain security, it is usually because 
of the large commission which he himself will make, rather than because 
of the desire to furnish the investor with the best security that he could 
select. 

Diversification. — Most investors recognize the necessity of diversify- 
ing investments in order to reduce their risk. This applies With equal 
force to large and small investors. This principle, of course, should 
not be carried too far, as it is possible for investors so to diversify their 
investments that they cannot give sufficient attention to each one. But 
if an investment is spread over some 10 or 20 carefully selected securities. 
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it is usually safer than if the entire investment is placed in one security, 
even though the care given to its selection is equal to the aggregate used 
in the diversified selection. 

Questions and Problems 

1 . In making investments, why is it important to have definite statistical facts 
regarding the companies whose securities are under consideration? Is investment 
success to be attained by constant shifting of stocks or bonds, or by holding them for 
relatively long periods? 

2. How would you distinguish between investment and speculation? 

3 . Should all people undertake the same risks? How would you determine the 
risk suitable to the individual? 

4 . What arc three points of view from which analyses and investigations may 
be made in investment studies? 

6 . Describe briefly the different classes of corporation securities. Are all equally 
desirable? 

6. Explain the classification of bonds on the three bases of (1) purpose to be 
accomplished, (2) security of principal, and (3) payment of interest and principal; 
and name common bond titles under each classification. 

7 . What characteristics determine the attractiveness of various government, 
state, and municipal bonds? 

8. How can the value and priority of the security for corporation bonds be 
determined? Why is the ratio of net income to interest expense important in choosing 
a corporation bond investment? 

9. What are the relative advantages and disadvantages of preferred and common 
stocks? Are they better than bonds as investments? 

10 . In buying a security of a certain company, what would you need to know 
concerning the capitalization of that company? In buying a certain common stock, 
is it more desirable that there be bonds outstanding, or that there be no claims prior 
to the given stock purchased? Discuss. 

11 . What are the disadvantages of real estate mortgages as forms of investment, 
and what are the risks in making this type of investment? 

12 . What is meant by a “listed” stock? Are all listed securities actively traded 
in? Is it better to buy extremely active securities, inactive listed securities, or 
moderately active issues? Discuss. 

13 . What are some of the best sources of data on stocks and bonds? 

14 . Explain “investing in relation to long-time or cyclical swings.” 

16 . Describe briefly the Dow-Jones Index of stock prices, the New York Times 
Index, and the indexes of the Standard Statistics Company. 

18 . Name 11 principal factors to be studied in investigating the company whose 
issues are under consideration. 

17 . Why is it necessary, in investment analysis, to consider the nature of the 
industry to which a concern belongs? 

18 . Why is it important to check up on the management? 

19 . Of what interest are the markets for a concern’s products in connection with 
analyzing its securities? 

20 . Of what significance is the location of an enterprise? 

21 . How should capital structure and ownership be considered when studying a 
firm’s stocks or bonds? 

22 . To what extent does the security of an investment depend upon the growth 
and stability of an enterprise? * 
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28. Discuss the analysis of financial statements. 

24. Explain the 100 per cent or common-basis statement. 

26. What are eight important ratios that are used in analyzing financial state- 
ments? Explain each. 

26. In analyzing earnings statements, what items of expense arc particularly 
important? 

27. ¥^y is it important to note the results of reinvestment of earnings of a com- 
pany? Does the amount of earnings always increase when earnings are put back 
into the business? 

28. Discuss '^reality of earnings” from two points of view. 

29. Discuss the importance of analyzing stock and bond prices and dividend 
policies. What ratios are valuable in such studies? 

80. Are bond and stock prices affected in the same manner by changes in the 
business cycle? Explain. 

81. In buying a bond due in 100 years, is the ultimate value of the security back 
of the bond as important as the earning ability of the assets? 

82. How does a premium paid affect the bond yield? 

88. Does the public often buy poor or worthless securities? Discuss. 

84. Is diversification of investments advisable? Wliy? 

86. On the basis of a careful analysis, make a recommendation for investing 
810,000 of your own funds. 

86. From the point of view of making long-swing investments, analyze the common 
stock of the following companies: American Can Company, Bethlehem Steel Com- 
pany, Ceneral Electric Company, General Food Corporation, General Motors 
Corporation, International Harvester Company, National Biscuit Company, Standard 
Oil Company (New Jersey), United States Steel Corporation, American Telephone 
and Telegraph Company, and Atchison, Topeka and Santa Fe Railway Company. 
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STATISTICS IN BANB3NG 

Banks feel the effects of the conditions in many kinds of business and 
constantly need information as to the trend in a wide range of activities. 
They are intimately interested in the success of their depositors and 
borrowers, and are often able to help them substantially by furnishing 
them with important information through their statistical departments. 
Many banks now have statistical departments within their organizations 
for the purpose of gathering and analyzing information, not only on their 
own internal operations, but on general business conditions and on any 
line of activity in which they might be directly or indirectly interested. 

It will be the purpose of this discussion to point out some of the more 
important ways in which statistics are us(id in banking. The point of 
view in this chapter will not be that of the bank alone. It is the aim 
not only to point out how the banker uses statistics in operating his bank, 
but also to indicate how the client uses statistics in connection with his 
banking problems. Obviously, the limited scope of this discussion will 
not permit going into great detail. This introduction to the subject, 
however, should indicate or suggest many possible uses that are not 
discussed. 

Scope of a Bank’s Statistical Work. — As indicated above, the statis- 
tical work of a bank covers a very wide range of information, of value 
not only to the bank itself but to the bankas clients. This work includes 
the collection of data and their analysis in determining the condition of 
the cycles in general business and in different lines of business. It 
includes the collection of information on, and the analysis of, population 
and purchasing power, production methods, labor conditions, commodity 
markets, real estate situations, and investments. Furthermore, it 
covers the analyses of individual concerns’ markets and internal condi- 
tions, as shown by financial statements and other data. And, finally, it 
includes the analyses of the bank’s own internal condition in relation 
to the preceding factors. 

The work of a bank’s statistical department requires that it con- 
stantly watch statistical publications of the Federal, state, county, city, 
and foreign governments; of commercial, trade, and other associations; 
and of private organizations. Jhis material must be indexed and filed in 
such a manner that it can be referred to on a moment’s notice if demanded 

595 



596 


BUSINESS STATISTICS 


later. The proper use of such sources requires a good knowledge of 
their relative validity. Data of current interest must bfe analyzed and 
presented as soon as possible to the proper officials. Some statistical 
departments make a daily digest of the contents of a number of daily 
papers and other current sources of information, and these digests are 
distributed throughout the bank for the information of the officers. Any 
information which the statistician knows is of immediate interest to 
an officer in the bank is dispatched to him at once and with comments if 
necessary. 

Bank’s Interest in Customers’ Success. — Since a bank’s success 
depends to a large extent upon the success of its clients, it naturally 
follows that it is anxious and willing to help its clients in every way 
possible. One way in which a bank is in a good position to furnish valu- 
able assistance is in giving advice in connection with problems that can 
be solved on the basis of superior statistical information. While most 
of the information gathered is of direct interest to the bank, much of it is 
for the use of the bank’s clients only, and often the bank will prepare a 
special report for an individual client. By gathering the information 
of common interest on a wholesale basis, the bank is able to serve many 
clients. Probably but few individual business concerns could afford to 
gather the information for themselves, but by distributing the cost over a 
large group, the cost per client is low. The compensation that the banks 
receive for their services in furnishing information is represented by 
increased business from its clients. There is no direct charge, and, as 
far as the client is concerned, this service ordinarily costs him nothing. 
Many banks are equipped to furnish a rather complete statistical service, 
and the client who does not take advantage of it is missing a v&luable 
opportunity. 

It should also be pointed out, however, that banks frequently find 
themselves doing an amount of service for a customer that is hardly 
justified. The question of the extent to which a bank is justified in 
analyzing a customer’s business is, of course, a very difficult one to decide. 
It undoubtedly would be a fairer procedure if a bank would require a 
customer to pay for a specialized analysis, particularly if a large or doubt- 
ful line of credit is involved. Nevertheless, competition between banks 
tends to force them to make such analyses at their own expense. 

The Bank’s Obligation. — Banks are ordinarily looked up to in a 
community as the best advisers regarding financial and other business 
conditions — ^not only of the community, but of the individual concerns 
in the community. Since the banks ordinarily expect to enjoy the respect 
of their clients and others in the community because of their superior 
judgment regarding economic matters, it becomes a duty and obligation 
of these institutions to collect accurate inf omation,.make sound anal3rses, 
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and apply the results of their findings in such a way that the business of 
the community* will tend to be stabilized along sound lines. If the banker 
appreciates the true situation of the business cycle and regulates the 
granting of credit upon a scientific basis, he can do much to reduce unem- 
ployment and the other bad effects of periods of extreme depression. 

In order, however, to make the skillful analyses required above, the 
banker must use scientific methods in finding the facts and in analyzing 
them. Some banks still use such inflexible methods of analysis as the 
2 : 1 ratio of current assets to current liabilities, regardless of the type of 
business, the kinds of goods, or the position in the business cycle. If the 
business is an old established retail store selling staple food commodities, 
its risk is quite different from that of the real estate concern promoting 
an outlying subdivision. Luxuries and style goods fluctuate to a much 
greater extent than staples. Finally, a 2 : 1 ratio in a period of depression 
might be much safer than necessary, whereas a 2 : 1 ratio in a period of 
prosperity might be extremely dangerous, as explained in the preceding 
chapter. 

It is, of course, relatively simple for a bank to be so conservative that 
it never takes any chances, but in such an instance, the bank is not ful- 
filling its obligation to the borrower by furnishing him funds in the proper 
relation to his business. A commercial bank loan system should be fair 
to the borrower as well as to the lender — that is, the bank should be in 
position to give the assets of the borrower the highest possible rating 
commensurate with the safety of the lending institution. This is the 
only fair procedure. From the point of view of sound economic develop- 
ment, it is just as objectionable for the borrower to be granted less 
than that to which he is entitled, as it is for the bank to lend excessive 
amounts. 

The banker requires accurate data and analyses in order to render 
service that is fair to all concerned. He must have accurate information 
on the integrity of the borrower; the ability of the borrower to repay; 
the type of business; the kinds of goods and the markets for them; the 
amount and condition of assets and liabilities; and management policies. 
And, finally, he must have an appreciation of trends, and cyclical, seasonal, 
and random movements in the individual concern, in the industry, and in 
business in general. 

Obviously, the use of statistics is imperative in analyzing the pre- 
ceding factors. In such analyses, of course, statistics can never take the 
place of good judgment, but they can be of great aid in helping bankers 
to improve the accuracy of their decisions. 

Practically all of the surveys and analyses discussed in the preceding 
chapters are of direct as well as indirect value to banks. Their applica- 
tion in carrying on the business of a bank will now be discussed briefly. 
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Business Forecasting. — No group of business men has a greater inter- 
est in what business conditions are likely to be than the bankers. It is 
particularly important that they do not lend too much when business is 
dangerously inflated. It is a general rule that in periods of depression 
many banks fail because they have not correctly analyzed the general 
business situation, or the conditions in the overexpanded individual 
concerns to which they have made loans that cannot be repaid. 

To no class of business men is it more important that business be 
stabilized and that booms do not develop than it is to the bankers. When 
difficulties develop after a* period of overexpansion, loans cannot be paid 
to the bank and, at the same time, the depositors demand their money. 
Such a situation often places a bank in a position from which it cannot 
recover. This, incidentally, indicates again why banks find it good busi- 
ness to furnish information on business conditions. Not only is it to 
the bank’s interest to keep from overexpanding its own business in a 
period of inflation, but it is also of direct interest to the bank to do what 
it ca.n to keep its clients from overexpanding. 

Population and Purchasing-power Statistics. — Population and pur- 
chasing-power data are of great importance to banks in analyzing 
fundamental conditions, and they are also of distinct value for special 
purposes, such as determining locations for branches. If a community 
has a rapid rate of growth, the situation is favorable to the expansion 
of the business that depends upon local conditions, and this, in turn, is 
favorable to the expansion of a bank’s business. If a community ceases 
to grow, much of the financing which would otherwise be necessary will 
not be required. To be of greatest value to a bank, population data 
should include non-permanent residents as well as permanent by various 
classifications, and the figures should be up to date, especially if a com- 
munity is changing rapidly in size. Appreciating the value of such 
data, banks in some instances have taken a very a(?tive interest in improv- 
ing the accuracy of estimates of both population and purchasing power. 

Production and Labor Statistics. — Though banks often keep and 
analyze data upon their own production and labor problems, the greatest 
use made of production and labor statistics is in connection with analyzing 
the situations of their clients. These data (discussed in detail in Chapter 
XX) are important in connection with determining the position of an 
industry, the position of a client in the industry, and in connection with 
helping the client solve his own problems. The bank, of course, ordi- 
narily does not make the production studies for the client, but its under- 
standing of production data enables it to analyze the client’s position 
with greater accuracy, and it can often assist the client by making helpful^ 
suggestions. 

Miurketing Analyses.: — In making loans, it is of utmost importance, 
if the bank is to be of greatest service, that it know something about 
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general marketing conditions and about the special conditions of its 
client^s market!! If the market for a client^s product is well established 
and sound, the client is obviously a much better risk than one whose 
market is erratic and doubtful. 

Many examples could be cited showing the importance of market 
analyses to banks. Careful analyses of the market for farm products in 
1919 would have saved many middle-western banks, as well as the farmers 
themselves, from failure in the depression of 1921. In one instance, an 
analysis of a certain market for cement saved a bank from making an 
unsafe loan and this, in turn, undoubtedly saved the manufacturer from 
having the losses that would have resulted had he expanded into that 
territory. Another analysis made of the market for a new type of insu- 
lating material showed that it would be impractical for the manufacturer 
in question to undertake the venture, and it is believed that this knowl- 
edge not only kept the bank from making an unwise loan, but kept the 
manufacturer from entering into a doubtful undertaking. The preceding 
discussion applies principally to domestic markets. Some of the larger 
banks are able to be of still greater assistance in connection with inter- 
national markets, and can give the prospective exporter or importer 
much valuable information on foreign trade. 

Real Estate Analysis. — Practically all banks and mortgage houses 
are deeply interested in real estate conditions. If they are not lending 
directly upon the security of real estate, or if they do not own real estate 
themselves, they are at least interested in the security of their clients* 
real estate holdings, and in the effect that real estate conditions may 
have upon general conditions in the locality. It has often happened 
that the increase in the assets of an industrial or merchandising concern 
has been largely in the write-up of the realty values, and it is of utmost 
importance to the bank making loans to such concerns to know whether 
or not these increases are real, and fundamentally sound in relation to 
the long-time trend. This was especially true during the 1920-1930 
decade because of the widespread real estate speculation. In some com- 
munities, there have been sound and steady increases in realty values, 
and in the income which has been realized from the sound use of real 
estate. In other communities, inflationary booms have left them carry- 
ing tremendous overhead burdens in the form of investments in unpro- 
ductive property, which has an unfavorable effect upon, not only banks, 
but all lines of business. Probably no class of business men is giving 
greater attention to analyzing the ups and downs in real estate activity 
than the bankers. 

Investment Analyses. — All that has been said previously (Chapter 
XXIII) regarding the analysis of investments is of vital interest to 
bankers. Not only must the "bank know how to invest some of its own 
funds, but it is often called upon to give advice to investors as part of its 
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business. It must often make loans with securities as collateral, and it 
must also extend loans to concerns which have portions Of their assets in 
various types of investments. This point will be considered at greater 
length in the discussion of credit analysis. 

The Line of Credit. — Business concerns should ordinarily arrange in 
advance for adequate bank loans. The more conservative managers 
usually arrange for credit in excess of the probable maximum amount that 
they expect to require. If a concem^s general credit standing is satis- 
factory, it may be granted a single loan or it may be granted '‘a line of 
credit.” Banks use many types of methods in determining what a 
concern's line of credit should be. Definite statistical information upon a 
concern's condition, however, is a very valuable aid in credit analysis. 

In granting a line of credit, the bank ordinarily imposes certain con- 
ditions upon the concern. Important among these are the reports that 
the concern is required to make regarding its financial condition and 
any other situation upon which the bank may wish information for use in 
determining whether or not the line of credit should be granted or 
changed. Furthermore, the condition of the bank itself may change so 
that it is necessary to revise the concern's line of credit. Such a situation 
is often forced upon a bank by changes in business conditions. In such an 
instance, adequate information on business conditions is not only neces- 
sary to the bank in relation to its own operations, but it is also valuable 
for the purpose of showing a client the reason for curtailing his line of 
credit. 

Credit Analysis. — The actual work of making credit analyses of 
.individual concerns is usually a duty of the bank's credit department. 
The bank's statistical department furnishes much valuable data which are 
useful in this connection, but detailed statistics on the individual concern 
are usually collected by the credit department directly. 

Keeping the officers of a bank informed as to the standing of its 
borrowing customers is a very important duty of the bank's credit 
department. Credit files must be revised frequently, and the changes 
in customers' standings must be noted accordingly in order that any 
questions can be answered promptly. While, in this discussion, the 
emphasis is being placed upon statistical data, it should be appreciated 
that the credit department uses all kinds of information from many and 
various sources. Some banks have even gone so far as to have their 
credit departments carry on investigations concerning prospects before 
they solicit their accounts. When the information that a credit depart- 
ment is obtaining regarding a client shows that his condition is more 
favorable than it was formerly, the bank can increase the customer's 
credit limits if requested, or any doubt that may have existed regarding 
the present limit may be removed. If, oh the other hand, it is shown 
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that the customer's situation is less favorable, it may be necessary to 
decrease the ci^dit limit, discontinue the account, or have a confidential 
discussion with the client which will clear up the situation. In all such 
instances, it is the work of the credit department to provide the necessary 
data for the guidance of the bank’s officials in making their decisions. 

The larger the bank, the more difficult it is and the more complicated 
it is to gather the necessary credit information and to keep it in proper 
order. In small banks, complicated records are usually not kept, and the 
cashier may rely upon his personal knowledge of the customers and his 
general knowledge of the business situation to furnish him the necessary 
credit information. In large banks, however, personal contacts and 
general information are not sufficient, and an elaborate system of collect- 
ing and filing statistical and other credit information becomes a necessity, 
if the bank is to operate on a sound basis, and at the same time furnish 
the maximum of service that is consistent vrith the situation of the 
specific concern and the general condition of business. 

Information Required from Borrowers by Banks. — The nature of the 
principal statistical and other items required by a bank when a loan is 
desired is indicated in the following list:^ 

1. Kind of business — typo of business organization — and names of owners and 
managers. 

2. An up-to-date balance sheet, and balance sheets for the preceding few years, 
if possible. ' 

3. Income statements for the same period. 

4. The average inventories carried, valued at cost and at market. 

5. The amounts of notes and accounts receivable by dates due. 

6. A schedule of investments showing dividends or interest payments and the 
present market values. 

7. A statement of any notes receivable, accounts receivable, or merchandise 
which may be placed as security for indebtedness. 

8. Explanation of unusual balance-sheet items. 

9. A statement of the seasonal variation of the liabilities of the borrower. 

10. A description of the client’s methods of borrowing, other lines of credit, etc. 

11. A statement of all types of insurance carried. 

12. A complete description of the methods of handling depreciation and obso- 
lescence, with the rates and the manner of computation. 

13. A description of the policy followed in disposing of the earnings of the business. 

14. An analysis of surplus indicating what disposition is made of it. 

15. A description of the ownership of real estate and leases. 

16. A description of construction plans and how projects are' to be financed. 

17. Description of other business interests of the owners and managers of the 
borrowing company. 

18. An analysis of the relations with, and conditions of, subsidiary companies. 

19. An analysis of the concern’s unfilled orders. 


^ Abstracted in part from “Financial Handbook,” The Ronald Press Company, 
New York, 1925, pp. 1198-1200. • 
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20. Analysis of the borrower’s market in general. 

21. A market analysis of the borrower’s products and selling policies. 

22. An analysis of the relation between labor and management. 

23. An analysis of trends, seasonal variations, and cycles in production and sales. 

24. An analysis of' the probable effects of business conditions on the concern’s 
business. 

If the bank has the preceding information, it has a basis for judging 
whether or not the borrower will be able to repay a loan at maturity. 
And it knows whether the loan must be secured or whether it may be 
unsecured. Jt also has a good index of managerial ability, which is a very 
important consideration in granting credit. The character of the individ- 
ual managers, the political situation, climatic conditions, and the geo- 
graphical location must also be considered along with the preceding 
information, as they have an important bearing upon the interpretation 
of the foregoing list of items in determining whether or not a loan should 
be granted. 

Analysis of Borrower’s Statements. — A bank requires financial 
statements from a borrower for use as an aid in determining the risk 
involved. For this reason it is also important that the borrower know 
what constitutes a good financial statement in order that he may present 
a good case when he requests a loan. Of course, the most careful and 
complete analysis of a financial statement cannot cover the whole risk, 
because factors other than those shown in such a statement may entirely 
offset a poor or good financial showing. In a pamphlet issued by a 
national organization of bank credit men, it is estimated that on the 
average the financial strength displayed by the borrower's statement 
affects about 40 per cent of the credit decision; the economic risk, which is 
the effect upon a business of general economic conditions, affects about 20 
per cent of the credit decision; and the moral risk, which covers both 
integrity and all phases of ability, probably affects about 40 per cent of 
the credit decision. These three elements, with the relative importance 
indicated, cover the whole analysis of the risk and make up the total of 
100 per cent of the credit decision.^ 

Eight ratios which are helpful to banks in analyzing financial state- 
ments have been discussed in the preceding chapter: The ratio of quick 
assets to current liabilities is commonly used by banks in analyzing 
borrowers' statements. When properly interpreted in relation to the 
kind of business, type of commodity, and condition in the business cycle, 
this ratio indicates how well the borrower can meet his current obligations 

^ From a pamphlet entitled Financial Statements” issued by the Robert Morris 
Associates (the national organization of bank credit men). See also Alexander Wall 
and Raymond W. Duning, ” Ratio Analysis of Financial Statements,” especially 
Chaps. I and XII, Harper & Brothers, New York, 1028. 
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even if an emergency arises. The point of safety of this ratio varies 
widely from ono business to another and from one period in the business 
cycle to another. For instance, a concern handling principally women’s 
style goods in a period of prosperity should have quick assets amounting 
to several times the current liabilities, while a concern handling staple 
food commodities in a period of depression may have a ratio less than 
2:1 and be safe. Proper interpretation of this ratio, however, requires 
several other supplementary ratios. 

The worth-to-debt ratio, secured by dividing the net worth by the 
total debt, shows the balance between the source and the ownership of 
the funds being used in the business. As the debt increases in relation 
to the funds invested by the stockholders, the company becomes more 
dependent for working capital upon its creditors and more susceptible 
to the conditions of depression. The lower the ratio, the more the 
owners must rely on their moral risk, and anything that will raise a 
question regarding the moral risk may result in disaster to the firm. 
If, over a period of time, this ratio is declining, it indicates that the con- 
cern is becoming weaker. If it is rising, it indicates in(*reasing strength. 

The worth-to-fixed-assets ratio, which is secured by dividing the net 
worth by the fixed assets, indicates the dollars of net worth or stock- 
holders’ investment for every dollar of fixed assets. The margin above 
100 per cent indi(?ates the proportion over and above the fixed capital 
investment that the stockholders have provided as active working 
capital possible of investment in liquid assets. If this ratio shows a 
tendency to increase over a period and is well above 100 per cent, the 
bank knows that the client’s situation is favorable as far as this ratio is 
concerned. If the ratio has been declining and is not well above 100 
per cent, the bank knows that it must investigate the risk more closely 
in order to determine whether or not it is advisable to make the loan. 

The ratio of merchandise to receivables (merchandise inventory 
divided by the total of accounts and bills receivable) indicates the dollars 
of merchandise that there are for every dollar of receivables. Among 
other things, this ratio indicates to the bank whether or not there is a 
greater or less amount proportionally of profits figured as part of the 
current assets. 

The ratio of sales to merchandise (net sales divided by the total 
merchandise inventory) gives the dollars of sales for every dollar reported 
as inventory. From this ratio, the banker knows something about the 
freshness and salability of the merchandise, and it is particularly impor- 
tant as.a means of indicating an overinventoried condition or an accumu- 
lation of stale merchandise. 

The sales-to-receivables ratio (net annual sales divided by total 
accounts and bills receivable)* indicates the dollars of sales per year for 
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every dollar classed as receivables. The higher the amount of the sales 
for every dollar still uncollected, the greater will be the liquidity of the 
receivables. As this ratio rises, the length of the collection period 
decreases and the banker knows that the period of risk through bad 
debts is shortened and that the danger from possible credit troubles is 
decreased. The higher the ratio, within reasonable limits, the more 
desirable are the receivables. 

The sales-to-fixed-assets ratio (net sales divided by net total fixed 
assets) indicates the dollars of net sales for every dollar invested in plant 
or other non-liquid assets. The banker uses this ratio in analyzing the 
comparative gross earning capacity of the plant investment. 

The sales-to-worth ratio (net sales divided by the net worth) shows the 
dollars of sales for every dollar of stockholders^ invested capital. This 
ratio serves the banker as a valuable check upon the management. If 
the money placed in the business by the stockholders is turned over too 
slowly, it may indicate a distinct lack of progress. On the other hand, 
if the ratio is too high, it may indicate that the company is going ahead 
too fast for its capital investment, and that it might be in diflBculties, 
should business conditions become unfavorable. 

To be of greatest significance, the above ratios should be computed 
and compared over a period of time. The trends and tendencies shown 
are often more important than the actual position indicated at a particular 
date. Trends, seasonal variations, cycles, and random movements 
in the individual concern should be carefully considered and compared 
with indexes of general business conditions in the area concerned. 

The above discussion indicates the importance of the borrower's 
financial statement to the banker. Obviously, it is important that the 
client thoroughly understand the interrelations of the items in his stateT 
ment, not only in order that he can make every effort to have his business 
in such a condition that his statement will be favorable when he applies 
for a loan, but also in order that he can conduct his business along sounder 
lines than he could without making such analyses. 

Analyzing a Bank Statement. — Bank-statement analysis is of wide- 
spread interest and significance. Not only must a bank watch its own 
condition and the condition of other banks with which it does business, 
but the client must also watch the condition of his bank from the point 
of view of his own safety. 

Aside from the specific personal interest in particular institutions 
indicated above, it is also quite necessary to analyze bank statements in 
connection with determining general money and credit conditions in a 
community. The importance of studying the money and credit situ- 
ation in analyzing general business conditions has been emphasized 
previously. • 
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Owing to the requirements of state and Federal banking laws, bank 
statements are ihore readily available than those of most other institu- 
tions. Several times a year the Comptroller of the Currency calls for a 
statement from all national banks. At the same time, the state bank 
examiners ordinarily call for a statement also. The calls come without 
warning, and the date for which the statement is to be made is ordinarily 

THE NATIONAL CITY BANK OF NEW YORK 

INCLUDING DOMESTIC AND FOREIGN BRANCHES 

Condensed Statement of Condition as of March 31, 1938 


ASSETS 

Cash and Due from Banks and Bankers $ 634,261,100.79 

United States Government Obligations (Direct or Fully 

Guaranteed) 370 , 621 , 979 . 70 

State and Municipal Bonds 106 ,417 , 185 . 73 

Other Bonds and Securities 116, 710 , 578 . 15 

Loans, Discounts and Bankers' Acceptances 569,370,705.22 

Customers' Liability Account of Acceptances 13,032,603.85 

Stock in Federal Reserve Bank 3 , 675 , 000 . 00 

Ownership of International Banking Corporation (Including 

Paris Office) 8,000,000.00 

Bank Premises 49,685,947.85 

Other Assets 13,651,097.71 

Total '$M85, 426, 199.00 


liabilities 

Deposits 

Liability as Acceptor, Endorser or Maker on 


Acceptances and Hills $46 , 141 , 933 . 27 

Less : Own Acceptances in Portfolio 14 , 952 , 636 . 89 

Items in Transit with Branches 

Reserves for: 


Unearned Discount and Other Unearned Income 

Interest, Taxes, Other Accrued Expenses, etc 

Dividend 

Capital $77,500,000.00 

Surplus 45,000,000.00 

Undivided Profits 13,673, 933.26 

Total 


$1,694,472,206.09 

31,189,296.38 

10,315,190.11 

3,608,182.89 

8,117,390.27 

1,550,000.00 

136,173,933.26 

$1,885,426,199.00 


Exhibit 217. — A condensed statement of a bank’s condition. 


a few days earlier so that there is no opportunity to alter the books. 
That is, a call might come in on March 6 for a statement as of March 1. 
These call statements are required by law to be published. A condensed 
statement is usually published for the information of the general public. 
And for the purposes discussed in this chapter, a condensed statement is 
usually the most convenient and is otherwise satisfactory. A representa- 
tive condensed statement is illustrated by Exhibit 217. Data for 
determining the average condHion over past periods by states, countiesi 
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and cities may be obtained from the annual reports of the Comptroller, 
of the Currency and from the reports of the state banking departments. 

Whether a commercial bank statement is analyzed from the point of 
view of the bank or the point of view of the client, one of the more impor- 
tant considerations is the relative liquidity of the assets. In other words, 
one should know the condition of the bankas assets in relation to how well 
it can meet its immediate obligations, which under normal conditions 
should be mostly deposits payable on demand. To determine this, 
requires the answering of a number of questions, and foremost among 
these is whether or not the bank is maintaining a sufficient reserve. 

Reserve. — ^The term ‘‘reserve,’’ as it is used in banking, refers to 
cash or its equivalent. The “legal reserve” of a national bank can 
consist only of deposits in the Federal Reserve bank. The “actual 
reserve” includes, in addition to the Federal Reserve bank deposit, the 
cash in the vault, and deposits in banks in reserve or central reserve 
cities. “Demand deposits” include all deposit accounts subject to 
check, demand certificates of deposit, outstanding certified checks, and 
outstanding cashiers’ checks. The total of the actual reserve should be 
compared with the total of demand-deposit obligations. While the 
actual reserve is a much smaller figure than total deposits^ it should b(^ 
large enough to care for any demands that may be made. The propor- 
tion depends somewhat upon how liquid the other assets are, and upon 
economic conditions in general. An indication of the normal position 
to be maintained may be gained by considering the average of a large 
number of banks. Data compiled from the annual report of the Comp- 
troller of the Currency show that on June 30, 1928, the actual reserve 
for 7,691 national banks was approximately one-third as large as the total 
demand obligations. The same report shows that the combined actual 
reserve of 15,078 state (commercial) banks was also approximately 
one-third as large as the combined demand obligations. Similar com- 
pilations for these two classes of banks, made as of June 30, 1921, also 
show practically the same relation. During the last few years, however, 
the situation has been very unusual, and reserves have been exceptionally 
large in relation to deposits. Obviously, the cash reserve that a bank 
should maintain in times of depression should be as large, if not larger, 
than in times of prosperity. But if this proportion runs much below 
one-third in a commercial bank, one should take immediate steps to 
determine whether or not the condition is serious. Such an investigation 
should indicate the steps that should be taken. ^ 

^ In the above computation, “total actual reserve” includes “due from banks,” 
“lawful reserve with Federal Reserve bank,” ‘‘checks and other cash items,” 
“exchanges for clearing house,” and “cash on hand.” “Total demand obliga- 
tions” includes “due to all banks,” “certified checks and cashiers’ checks,” “dividend 
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A national bank’s lending power depends upon the ratio of its reserve 
to its net demaftd deposits. According to the statutory requirements, 
the Federal Reserve bank deposit for a country bank should be 7 per cent 
of the net demand deposits; for a reserve city bank, 10 per cent; and for a 
central reserve city bank, 13 per cent. The bank must also carry a legal 
reserve of 3 per cent against its time deposits, which are the deposit 
accounts and certificates payable in 30 days or more. The Board of 
Governors of the Federal Reserve System, however, has the authority 
to increase these requirements up to twice the percentages given. (In 
August 1938, the requirements for net demand deposits were 12 per cent 
for country banks, 173^ per cent for reserve city banks, and 22% per 
cent for central reserve banks. For time deposits the requirements 
were 5 per cent.)^ 

Deposits. — In the preceding discussion of a bank’s actual reserve, 
it is necessary to consider the deposit ac(;ounts, because these deposits 
represent the claims that the assets must be in condition to meet. The 
bank’s primary responsibility is to its depositors, and it must be prepared 
to pay them in full the funds that it holds for them. The establishment 
of the Federal Deposit Insurance Corporation does not relieve banks of 
this responsibility. ‘^Deposit insurance is only an assurance to the 
public that the banks will discharge their responsibility to depositors, 
and deposit insurance could not succeed if the banks neglected this 
responsibility.” (Deposit insurance covers only deposits of $5,000 or 
less.)^ It is not correct to say that the lending power of a bank is repre- 
sented by the sum of its time and demand deposits, plus its outstanding 
notes and net-worth items (capital stock, surplus, and undivided profits). 
The deposits are offset partly by the loans that the bank has already made 
and therefore represent partially used lending power. The strength or 
soundness of a bank cannot be gaged by the volume of deposits or by 
the total resources. Deposits represent the bank’s liabilities, and if they 
increase as a result of loans, the bank’s position will grow weaker. To a 
bank, deposits arc the same as accounts payable are to a commercial 
concern, and the bank’s strength should not be judged by its volume of 
deposits any more than the soundness of a commercial concern can be 
judged by its accounts payable. Of course, the bank’s position becomes 


checks outstanding,” ” individual deposits subject to check,” ” demand certificates of 
deposit,” ‘‘state, county or other municipal demand deposits,” and ‘‘other demand 
deposits.” When ‘‘net demand deposits” are used, balances due from banks other 
than the Federal Reserve bank and foreign banks, ‘‘our checks,” and checks on other 
banks, including clearing house exchanges, are deducted from the gross figure. 

^ See the Federal Reserve Bulletin, p. 715, August 1938. 

*See Goldenweiser, E. A., ‘‘The Function of Deposit Banking,” Journal of the 
American Statistical Association, p. 3D3, June 1938. 
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stronger if the deposits increase as a result of deposits of actual cash, 
but this is because of the actual cash and not because bf the increasing 
deposit liability.^ 

Loans and Discounts. — Under normal conditions, most of the assets of 
a comftiercial bank should consist of loans and discounts/' These 
holdings should consist principally of self-liquidating commercial paper, 
running less than six months and distributed as to maturity so that some 
of the notes are constantly falling due. In addition to determining 
whether the bank has a sound proportion of the different types of loans, 
one should also find out as much as possible about the quality of these 
loans. Obviously, this cannot be determined from a bank statement, 
but must be based on other information. 

As far as our analyses are concerned, the term ‘'loans and discounts" 
may be taken to have the same meaning that the term “loans" has in 
common business usage. The use of the two words arises from the 
practice of charging interest on loans, which is added at the end of the 
period, while in the case of discounts, the charge for the use of the money 
ia deducted ^t the beginning of the period. 

Investments. — Under normal conditions, the bond holdings of a bank 
should be relatively small. When money is very easy, or when deposits 
are coming in faster than they can be loaned out, a bank may have to 
increase its bond investments in order that it may have some income from 
the money it holds. Such bonds, however, should be readily salable and 
of certain security. As a rule, banks should not invest in corporate 
stocks, as they represent shares of ownership rather than first claims on 
the assets, and their values fluctuate too widely. In recent years, condi- 
tions have made necessary a number of changes in policies and regulations. 
In the spring of 1938, the Regulations of the Comptroller of the Currency 
governing bank investment policy were revised to provide that “in addi- 
tion to such securities as have been authorized heretofore, member banks 
of the Federal Reserve System may purchase investment securities, of 
such sound value or so secured as reasonably to assure payment, issued 
by established commercial or industrial businesses or enterprises that can 
demonstrate the ability to service such securities, without requiring that 
the securities be offered for public distribution or that they must be 
readily marketable, provided, however, that they mature not later than 
10 years after the date of issuance and that 75 per cent of the principal be 
amortized by maturity through substantial, periodic payments, none of 
which would be required during the first year."* 


^See ^'Financial Handbook,” pp. 1227 and 1228, The Ronald Press Company, 
New Yorkj 1927. 

* Federal Reserve BvUetin, p. 563^ July 1038. * 
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Fixed Assets. — The remaining assets of a bank are represented by 
such items as the bank building, furniture, and fixtures. These are 
fixed and not liquid. They should constitute a very small proportion 
of the total. Some bankers hold that they should not amount to more 
than 20 per cent of the amount of the capital, surplus, and undivided 
profits. If the bank owns other real estate, each item should be 
examined carefully, as it probably has been acquired as the result of 
non-payments of loans. Ordinarily, such holdings should be disposed 
of at the earliest opportunity. A national bank can own, within certain 
limits, the building that it occupies, but any other real estate acquired 
because of defaulted loans must be disposed of within five years. Some- 
times the buildings owned by state banks represent too large a proportion 
of the assets. In some states, the buildings cannot be carried at a value 
greater than one-fourth of the amount represented by the capital stock. 

Rediscounts and Bills Payable. — ^The demands made upon banks 
by their customers are ordinarily subject to high cyclical and seasonal 
variations. If the amounts of rediscounts and bills payable due the 
Federal Reserve banks in cyclical or seasonal emergencies are high, it is 
not a cause for question, but if these liabilities remain heavy the year 
around and for several years, it is a sign that the bank is overexpanded. 

Analysis over a Period of Time. — From the preceding discussion, 
it is obvious that it is very important to note the changes that take place 
in various items over a period of time. An analysis of a single statement 
does not present a complete picture of the bankas position. It should be 
made over a number of years in order to determine the trend in a bank^s 
activities and changes in the bank’s policy. These changes over the 
period should be compared with those of other banks in the community. 
And, finally, after the various ratios and data have been placed upon a 
systematic basis over a period of time for the various banks, they should 
be carefully compared with the available indexes of business conditions 
in the areas concerned. 

Bank Letters. — Many of the leading banks publish monthly letters 
or bulletins which contain valuable statistical data pertaining to local 
or national business. Two of the outstanding letters of this type are the 
monthly letter of the National City Bank of New York and the Cleveland 
Trust Company Business Bulletin. These particular letters are written 
principally from a national point of view. Others, such as the Monthly 
Summary, issued by the Security-First National Bank of Los Angeles, 
report upon local conditions. In mentioning bank letters, however, 
the point should be made that while many banks issue careful reports 
containing valuable statistics, there are also many which issue monthly 
bulletins that are of but little, if any, practical value in analyzing a busi- 
ness situation. 
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Statistical Work of the Federal Reserve Board and Banks. — In dis- 
cussing banking statistics, special mention should be macfe of the statisti- 
cal work of the Federal Reserve System. This includes, not only the 
work of the Division of Research and Statistics of the Federal Reserve 
Board, %ut also that of the statistical departments of the 12 Federal 
Reserve banks. 

While the Federal Reserve System statistics relate in considerable 
part to the general credit situation and operation of the money market, 
they also cover a wide range of other factors, of interest, not only to 
banks, but to business men in general. Among the more important 
series published regularly in the Federal Reserve Bulletin are: reserve bank 
credit, gold stocks, money in circulation, and member bank reserve 
balances; analysis of changes in monetary gold stocks; discount rates 
and money rates; member bank credit; bank balances; bankers' accept- 
ances and commercial paper outstanding; brokers' loans; commodity 
prices, security prices and security issues; production, employment, and 
trade; industrial production; factory employment and pay rolls; building; 
trade and distribution; bank suspension; gold holdings of central banks 
and government; gold exports and imports; condition of central banks in 
foreign countries; discount rates of foreign central banks; foreign money 
rates; foreign exchange rates; treasury and capital market statistics; and 
price movements in principal countries. 

While some of the above series are quoted from other sources, many 
of them are collected directly through the Federal Reserve System and 
are compiled or converted into index numbers by the Division of Research 
and Statistics of the Federal Reserve Board. Further details on these 
series may be found by referring to the current issues of the Federal 
Reserve Bulletin. 

In addition to cooperating with the Federal Reserve Board statistical 
department, the 12 Federal Reserve banks often carry on special studies 
of their own. A few examples will be mentioned in order to indicate 
the type of work done. The Federal Reserve Bank of New York has 
published frequent analyses of the principal factors affecting the move- 
ment of rates in the call-loan market, including in particular an account 
of the effect of year-end withdrawals by out-of-town lenders. The 
Federal Reserve Bank of Minneapolis has published figures showing how 
the total credit extended by country banks is divided, with particular 
reference to the part represented by loans to customers. This bank has 
also made studies of the trend of deposits of country banks, with separate 
figures for different sections in the Minneapolis district (mixed farming, 
wheat raising, etc.) and according to the size of the community in which 
the bank, is located. The measurement of the volume of production in 
the individual Federal Reserve. districts, primarily in terms of physical 



STATISTICS IN BANKING 


611 


volume, is illustrated by material that has been published in the monthly 
reviews of the Federal Reserve Banks of Cleveland, Minneapolis, and 
San Francisco. All of the Federal Reserve Banks have given careful 
attention to reporting figures on retail trade. The Federal Reserve Bank 
of New York has published a comparison between the increase in velocity 
of New York City deposits and the increase in loans made to brokers by 
lenders other than banks. Compilation and publication of figures relat- 
ing to the earnings of corporations have been carried on by the Federal 
Reserve Banks of New York, Philadelphia, and Cleveland. The Federal 
Reserve Bank of Minneapolis has given considerable attention to the 
estimating of farm income. Other examples of the many valuable kinds 
of statistical studies made by the Federal Reserve System will be found by 
referring to the Federal Reserve Bulletin or to the monthly letters of the 
Federal Reserve banks. 

In addition to the published statistical information mentioned above, 
which is readily available to all banks as well as other business men, the 
Federal Reserve System collects and compiles much information which 
is primarily for the use of Federal Reserve officials and member banks. 

Questions and Problems 

1. Why are banks interested in business statistics? 

2 . What is the scope of a batik’s statistical work? 

3. Of what significance are statistics in connection with a bank’s interest- in the 
success of its customers? 

4 . Discuss the bank’s obligation to a community as an adviser on financial and 
business conditions. 

6. Discuss the banker’s interest in business forecasting. 

6. Of what importance to banks is information on population and purchasing 
power? 

7 . Why is a bank interested in production and labor statistics? 

8. How does a bank use marketing analyses? 

9. Why are banks concerned with real estate conditions? 

10 . Is investment analysis important to banks? Why? 

11 . How is a line of credit determined? 

12 . Discuss the work of credit analysis. 

18 . What information is required from borrowers by banks? 

14 . How is a borrower’s statement analyzed? 

15 .. The ratios of quick assets to current liabilities, worth to debt, worth to fixed 
assets, merchandise to receivables, sales to merchandise, sales to receivables, sales 
to fixed assets, and sales to worth are of what significance to a banker in analyzing a 
borrower’s statement? 

16 . How is a bank statement analyzed? Of what importance is such an analysis? 

17 . What are “call statements”? Of what value are they to the business man? 

18 . From the point of view of statistical analysis, what does a bank’s “reserve” 
indicate? 

19 . What is shown by loan and discount data, and by deposit data? 

20 . Explain the “ratio of loans to deposits.” How is this ratio interpreted? 
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21. What analyses should be made of a bank’s bond holdings? 

22. What relation should a bank’s fixed assets bear to its totfil assets? Explain. 
28. Discuss the relation of a bank’s deposits to the sum of its capital stock, 

surplus, and undivided profits. 

24. What may be indicated by the item “overdrafts” on a bank statement? 

26. What is the significance of a bank’s rediscounts and bills payable? 

26. Why is it important to analyze bank statements over a period of time? 

27. Discuss the importance of bank letters or bulletins as sources of statistics. 

28. Discuss the statistical work of the Federal Reserve Board and banks. 

29. In cooperation with a certain bank in your city, prepare a detailed plan of its 
present and projected statistical work. 



CHAPTER XXV 


EXECUTIVE CONTROL AND MANAGEMENT STATISTICS 

In preceding chapters, analyses of business problems in many fields 
of activity have been considered. Methods and illustrations of such 
analyses have been presented in connection with forecasting, budgeting, 
marketing, production, real estate, investment, and banking. In several 
of the discussions, the problems have been problems of control, and the 
methods described have been methods of effecting adequate control over 
production, marketing, and other operations. In these discussions, the 
analyses have been localized to the particular department of the business 
under consideration. In the present chapter, it is intended to review' 
briefly the use of statistical analyses and methods in effecting control 
over the functions of each department or part of the business, and also 
to discuss the use of statistical methods in controlling the organization 
as a whole. 

Statistical Control. — “Statistical control is a method of arriving at 
executive decisions through analysis of the facts which relate to a particu- 
lar business. To be genuine it must begin with the desire of the executive 
to act in accordance with the results of such analysis. It is the function 
of the statistician to assemble the facts, all the facts, both external and 
internal, which are pertinent, and nothing but the facts; to analyze 
these facts in such manner as to indicate obvious courses of action; and 
where obvious courses of action cannot be indicated, to determine as 
accurately as possible the probable range of results under different plans 
of procedure. But here the work of the statistician ends. Only the 
executive can translate facts into executive performance. 

“The practical statistician sees in statistical control a method of 
improving business administration that has very definite possibilities 
and equally definite limitations. On the other hand, the business 
executive, who is unskilled in statistics, is very apt either to condemn 
statistical control in Mo, or to expect far too much from it. These differ- 
ences in. attitude arise very largely from the failure to make a clear dis- 
tinction between the unorganized, relatively aimless statistics of the 
average business, and those organized and purposeful statistics which are 
Required for genuine statistical control. 

“In any well-managed business undertaldng, and particularly in one 
of large scale, there is, and mutft be, consciously or unconsciously, a very 
» 613 
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great dependence .upon statistics. Books of account, pay rolls, stock 
records, sales records, production schedules, cost records, purchasing 
schedules, and innumerable other entries and summaries of current and 
prospective operations are nothing more or less than the statistics of the 
business. In some special enterprises, notably those concerned with the 
various forms of insurance, and to a considerable extent in banking, 
the statistical element predominates. Furthermore, there is rarely even a 
minor executive in any business who does not, knowingly or otherwise, 
base his decisions very largely upon the statistics of his operations.”* 

Before considering methods and tools used in executive control, it is 
first necessary to view the internal organization structure through which 
executive control from the offices of the chief executives can be effected. 
After a view of the organization structure, the relation of the control 
functions to be exercised in each department to those of the major 
executives can more easily be seen. 

Internal Organization. — Business organizations vary not only in size, 
‘but also in types of internal organization. Briefly, there are four main 
types of internal structure : the line organization, the functional organiza- 
tion, the department organization, and the line-and-staff organization. 

In small concerns, the line organization is predominant. This type 
is characterized by a line of authority and responsibility which extends 
from the top to the lowest class of duties. Thus, the chief executive 
usually exerts a directing influence throughout the entire organization, 
and in a small organization this is often accomplished by direct personal 
(contact with the minor executives and even with the minor (employees. 
In order to be successful in managing such an organization, the chief 
executive and his subordinates ordinarily must have a wide range of 
technical knowledge and ability. 

The functional type of organization is characterized by a division 
of the management so that each executive supervises and manages on(^ 
major function. In other words, in this type of organization, the manage- 
ment is characterized by a division of responsibility according to types of 
work or functions performed by the employees. Workers in any one 
part of the business may have several ‘‘foremen” or minor executives 
over them, each of whom exercises supervision and control over these 
workers according to the particular part of their duties they are per- 
forming.* Above the foremen or minor executives are specialized major 

^ Rorty, M. C., “The Statistioal Control of Business Activities,” Harvard Business 
RevietVj Vol. 1, No. 2, pp. 154-166, January 1923. 

* Thus, in a machine shop organized on a functional plan, Frederick W. Taylor 
had four types of bosses: gang bosses, speed bosses, inspectors, and repair bosses. 
The gang boss had charge of all work up to the time that the material was set in the 
machine; he was responsible for starting the planned production (getting the materials 
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executives that supervise and manage the operations related to their 
particular specialty. The duties of the chief executive or president of 
such an organization are more in connection with the choice of the 
functional executives and the coordination of their activities than in 
supervision over the performance of their technical duties. 

The third tjrpe of organization is found in such institutions as depart- 
ment stores. In these stores, it is u.sual to deviate from the ordinary 


ORGANIZATION OT 

WALWORTH MANUFACTURING COMPANY 



Exhibit 218. — Chart of internal organization. {Redravm from Bulletin of the Taylor 

Society j Vol. IX, No. 3.) 


type of line organization in which authority extends from the top to the 
bottom through a line of intermediate executives. Instead, the merchan- 
dising organization is divided into many separate units or departments, 
each in charge of a department manager or “buyer.” The result is 
similar to a group of many stores, except that the department managers 


and setting them in the machines) up to the point where operation of the machine 
began. The speed boss was responsible for the machine process and his duties were 
to obtain the best quality of machine work in the quickest possible time. The 
inspector, however, was given the authority to pass upon the quality of the work 
and to see that standards of quality were maintained. The repair boss was required 
to see that the workers maintained their machines and auxiliary equipment in good 
repair. . Thus, each machine worker was under four bosses. . 
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are reieponsible to a ceqArai authority or general' mauxgdr tod also toe 
supervised and contrdDed to a certain extent by seventiii fuiictional 
departments which eafist outside of the “operating” departments. ' Thus, 
there is usually a s^ariate publicity or advertising department through 
which the advertilSing poUeies, methods, and plans are madef for the 
entire store. AlSb, 'there are merchandise managers who plan, supervise, 
tod check the work of the department managers, and often a personnel 
department isfn charge of the -hiring of all em^oyees and the problems of 
employee welfare. ' Because of the existence of these and other functional 
departmenib, the department type of operation may be said to* include a 
hybrid o# '. toUSdttl' line organisation' with ' which - certain features of 
functiomll operation have -been combmed. * ' < ' 

La^e manufacturing companies usually exhibit more nearly the 
characteristics of ' what is known as the “lirie-and-stafif organization.” 
In this type th^e are line executives who are responsible for the per- 
formance of work operations. They are assisted in an advisory capacity 
b^ technicians, or specialists known as “^stafF” men. This is illustrated in 
EiXhibit 218, which presents the organization of the Walworth Manu- 
facturing Company. The chart shows that the line executives under the 
preadent are in charge of the operating parts of the company, which in- 
clude the production, sales and financial' departments, and the secretary’s 
office. The'staff heads in this company have charge of planning tod also 
Of recording ttad checking up on the results of operations. However, the 
stoff ’ heads in this and in all li»e-tod-ntaff organizations are -not in an 
executive pe(^ion in relation to th^ workers in the line Orghnization. 
They act 1111131 advisory- capacity Wbr through the various execu'tives. 

' 'Ri^tiotf-of the Cluef teethe ‘Internal Organization.— In a 

corporation; whether the'type’ of internal organization be line, functional, 
departmental, or line^and-^taff, there must always be one executive who 
is responable to the board <rf directors for the operation of the concern. 
Through this executive, the’pulicies of the board>are put into effect, and, 
through him, the board is informed of the^results of operation. ‘ There- 
fore, every prendeUt or ehSef 'executive muSt have methods of carrying 
out the pettcies determined Upctti -by the board of directors, and methods 
of chbetog the results obtained. ' 

In -Urder to cUhtrol affectively the operations- of the buaness, it is 
essentito,' ffrst, adeqtiate -plans -be made.' - Second, it is necessary 

that ’the' prUfpresd'of the pUtnned operation^ be carefully recorded in' the 
departments respcflMble-'for-'the perfdrmaace. ' Third, the actual per- 
formattee must ' be measured- tod recorded in the general 'accounting 
reewds of the oiganhiatioii. And fourth, the records of actual^ respite 
must'be analysed,- -eompared, and interpreted'in rdation to the planned 
tperatiobs. - '.Obvitoi^,-ti!e-plalte«deteitenned'upto will be-moet effeotivw 
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if they Q,re;,preptb|^d in detail and if the form in n(hich they are prepared 
is . standardized. ^In order to compare actual nerformances with the 
planned performances, the form in which the plans are made and the 
form in which the report upon actual performance is made must be 
closely related. Therefore, it ia usually a function of the comptroller\s 
department to prepare the reports of planned operations and also those, 
showing the actual operations.. The progress of the ^ work in each 
operating department, however, must be carefully watched by the 
executive in charge of such departments. Therefore, the progress charts 
of production, of sales, of planned construction, etc., musi be main- 
tained in the departments which perform these respective operations. 

Statistics and Accounts. — ^^From a business standpoint, it is impos- 
sible to adopt a narrow definition of statistics. A practical separation 
must, of course, be made between statistics and accounts, and, in fact, 
it is very necessary that no attempt be made to burden the regular 
accounting forces with the changing details of statistical analyses. The 
two classes of work are radically different. In general, the accounts 
will serve their full purpose if they accurately reveal the financial status 
of the business and the financial results of current operations, and in 
addition locate general responsibility for any marked variations from 
normal performance. But beyond this point it is not profitable, even 
where it is possible, to carry the rigidity of the balance sheet and the 
double entry. Cost analyses, operating reports, projections of future 
financial and operating results, and many, other statements and sum- 
maries^ all require flexibility of handling and must be treated from a 
statistical rather than an accounting standpoint. Furthermore, the 
accounts themselves are . the ^materials from which many .' Statistical 
studies are derived, so that with the special field .of the accounts once 
clearly defined, it is not too much to say that all pertinent numerical 
facts, and many that are not strictly numerical, whether within or without 
the business, whether relating to the past,, the present, or the future, fall 
within the scope of business statistics., . ^ • 

‘‘It is this very pervasiveness of the statistical element in modem 
business that is most confusing to. the executive who is seeking to avail 
himself of improved statistical technique in the handling of his affairs. 
Yet it is not impossible ;to establish a working distinction between busi- 
ness statistics in bulk, and those ^»ecial statistics andxstatistical studies 
which form the elements of statistical control. This^ distinction is, 
however, largely based on the attitude of the executive. v r . 

; “It is possible to have reams of, statistical repairta and hundreds of 
charts and diagrams without secuiing^even the beginiungs of statistical 
QOUtrol. If the jstatiatiics. grow^i»uti of tiie absolute needs of the business 
aadf. are looked upon as nece^aiS^^^vila'irather .than as positive and 
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constructive factors, statistical control does not exist. Furthermore, 
even the most competent of statisticians mil have little success in estab- 
lishing a basis for statistical control if he is not in working contact with a 
responsible executive who will make his studies effective.”^ 

The relation of the chief executive to the comptroller’s department, 
through which the plan of operations and the record of actual operations 
are made, will now be considered. Then the relation of the chief execu- 
tive to the operating departments which carefully record the progress 
of the work will be discussed. 

Comptrollers’ Reports for the Chief Executive. — While the plan of 
operations may ordinarily best be prepared in the comptroller’s depart- 
ment, it should be recalled (see Chapter XVIII, Budgeting) that the 
preparation of these budget plans requires the cooperation of all of the 
major and minor executives in the organization, and a budget will be 
effective only if those who are to carry out the budget plans have taken 
part in its preparation. The comptroller’s department collects and 
summarizes the tentative plans suggested by the other executives. In 
order to coordinate these plans, many organizations have found it 
advisable to install a budget committee consisting of the major depart- 
mental executives, and often minor executives are included. The 
comptroller is usually the chairman of such a committee. When the 
budget has been passed by. the committee it is submitted to the president 
as a tentative budget. Final adoption of the budget, however, should 
ordinarily rest with the board of directors. 

Although the chief executive usually does not meet with the budget 
committee, he will influence the preparation of the tentative budget 
according to the need that may exist at any time. Thus, the tentative 
budget will ordinarily be in accord with the policies of the chief executive 
and the board of directors, so that delays in its adoption will seldom 
occur after it leaves the committee. 

The president or chief executive is also dependent upon the comp- 
troller’s department for a complete and accurate statement of the actual 
results of operations. Accounting reports must be prepared to serve 
both the departments whose operations they reflect and the major 
executives who supervise the organization as a whole. Accurate and 
adequate accoimting for the actual results obtained in each department 
is obviously a prerequisite of accurate and adequate reports. Thus, 
the duties of the accounting staff include: (1) the making of complete 
records of the transactions, (2) the preparation <ff operating reports which 
summarize the transactions of each department and. the entire organiza- 


1 Rortt, M. C., *^The Statistical Control of Business Activities,” Harvard Business 
Remsw^ Vol. I, No. 2, pp. 154^166, January 192^. 
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tion, and (3) the preparation of financial statements which present the 
financial conditio]|> at the end of each operating period. In this discus- 
sion, it is not practical to describe the details of an adequate accounting 
system for recording the transactions. However, a few of the reports, 
which should be prepared from the accounting records for the use of the 
executives, will now be mentioned. 

The profit and loss statement of a company is the operating report 
which summarizes the actual business results. For the executive\s use 
of this statement, supplementary reports should be prepared showing 
details of the marketing, or sales operations, the production and purchases 
operations, the labor or personnel department operations, and expenses 
of management according to the divisions of management, such as the 
credit department, the treasurer’s department, and the general executive 
offices. The form and size of each of these statements in the large 
organization must be adequate to indicate the responsibility for the 
results obtained, and also they must agree with the form and size of 
the statements prepared for the planned operations to facilitate significant 
comparison. 

The statement of assets, liabilities, and net worth (that is, the balance 
sheet) should be prepared monthly by the comptroller’s department for 
the higher executives and the board of directors of the company. In 
addition to this statement, which is a general summary of the financial 
condition, there should be supplementary statements setting forth details 
of important assets, liabilities, and surplus. Analyses of accounts 
receivable, of inventories, and of accounts payable are important in 
controlling the finances of the corporation. Without such analyses of 
the present financial condition, the plans of future operations cannot be 
prepared intelligently. 

Operating Departments’ Reports for the Higher Executives. — In 

each operating department, special records must be maintained in addi- 
tion to records of operations prepared for the comptroller. Some of 
these records have been discussed in previous chapters, particularly in 
Chapter XX (Production and Labor Statistics) and in Chapter XXI 
(Marketing Analysis). It should be observed here that they are not only 
essential to the management within the department, but they also serve 
the higher executives as measurements of current operating progress. 
Therefore, the progress reports and the detailed sales reports prepared 
within respective departments must be currently available to the higher 
executives such as the general manager, the vice presidents, arid the 
president. In addition to these progress reports, the chief executives 
should be furnished with reports on research and experimental activities. 
In the sales department, marketing studies are often carried on by sales 
executives both as an aid in tha preparation of the budget and in deter- 
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mining the effectiveness of the products. These reports should be 
immediately available the major executives. 

Comparison of Planned Operations with Actual Performance. — In 
order to assist the major executives and directors in measuring the 
actual results in relation to the budget plans, the comptroller's depart- 
ment^ should prepare statements which show comparisons and explain 
the causes of variation in actual performance from planned performance. 
The operating reports previously mentioned should, therefore, be pre- 
pared in an additional form which presents both the figures of planned 
income, exjjenses, etc., and the actual figures. 

Mere comparisons, however, do not assist materially in accomplishing 
an imprcjvement in the results, unless the variations of the actual data 
from the planned data are intelligently accounted for. Analyses of 
variations in sales, in production, in expenses, and in net profits must 
be made as bases for intelligent interpretation. A variation in sales, for 
example, may appear from a comparison of the budgeted sales items and 
the actual results. But an increase in the physical volume of sales over 
the planned volume may actually have taken place, although the dollars 
of sales have decreased,. owing to an unexpected decrease in selling prices. 
Therefore, the variation in total sales dollars from planned sales dollars 
should be explained by a statement which will measure in exact terms 
the extent to which the increase in physical volume was offset by price 
declines. Such a statement will present a computation of what .the total 
volume would have been if no pricje decline had taken place, and the total 
effect, in dollars, of the price decline. 

In comparing actual production costs with planned costs, analyses to 
determine the causes of variations are particularly necessary. Were 
total costs greater because of a larger volume or because of higher 
costs? Were material costs higher than anticipated, or did labor or over- 
head costs increase? Was the increase in material cost due to a general 
advance in material prices or to the. use of more expensive materials? 
Did wage rates increase, or were the laborers less productive? Are the 
overhead expense rates carefully and accurately determined, or are they 
rough approximations? Such questions as these must be satisfactorily 
answered in interpreting variations in production costs. 

Also, the actual expenses of selling, of administration, and of financing 
* must be carefully compared with the items in the budget plans. In 
accounting for variations between the budget and the actual expenses, 
it is important to note that the ratio of expense^ based upon sales, is an 

, } Where a separate statistics and planning organization exists, this section or 
<kpartment usually prepares, the an]alytici|l. statements referred to in this discussion, 
When the stotistics ^ncl planning section, is not a part of t^ comptroller’s depai^tment, 
it works in close cooperation with t^ department. 
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important basis for comparisons rather than dollars of expense. In 
other words, if stiles have fallen below or have exceeded budgeted sales, 
many items of selling expense and of administration should be adjusted 
accordingly in order to obtain the budgeted rate of net profit on sales. 

Comparison of Actual Results with Standards of Performance. — As 
experience in production, marketing, and management is obtained, 
corporations can develop standards by which actual results can be 
measured to determine efficiency. In the production department, 
standard costs are useful as an accounting method and as a basis of measur- 
ing attainment. Similarly, standards of advertising expanses, sales 
salaries, and the various administrative expenses in relation to sales 
should be determined. These standards are not necessarily the same 
as the budget figures adopted for any particular period. Therefore, 
separate comparisons of the actual data with the standards, determined 
on the basis of past experience, may be necessary in addition to the 
comparisons with budgeted data, because standard ratios'' represent 
a more permanent or longer-period relationship. 

In the management of the organization as a whole, many other ratios 
that measure the effectiveness of the management may be computed 
and compared with standard ratios. These management ratios are both 
of financial and of operating nature. Several have been mentioned 
previously, such as the eight financial ratios for analyzing financial 
statements discussed in Chapter XXIII (Investment Analysis), and in 
Chapter XXIV (Statistics in Banking), all of which are also important 
to the management. A list of useful management ratios is As follows;^ 

1. Measures of Earnings. 

a. The return earned on net worth. 

h. The ratio of surplus net profits to sales. 

c. Earnings on common stockholders^ investments. 

d. Operating profits earned on total capital used. 

e. Ratio of operating profit# to sales. 

/. Margin of gross profits, earned on sales. 

2. Measures of Costs and Expenses. 

а. Ratios of costs and expenses to sales. 

б. The cost of borrowed capital. 

c. The cost of total capital used. • 

• 8. Turnovers. 

a. Turnover of total capital used. 

b. Turnover of inventories. 

c. Turnover of accounts receivable. 

’ d. Turnover on fixed property investment. 


^ Bliss, J. H., “Management through Accounts," p. 68, The Rbnald Press Com- 
pany, New York, 1024. A detailed discussion of these ratios will be found in this 
book, and a discussion of similar mtios is contained in “Management’s Handbook*’ 
pp. 23A-25a 
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4. Financial Relationships. 

а. Net working capital and ratio. 

б. Manner in which capital is invested. 

c. Sources from which capital is secured. 

d. Proportion of earnings left in the business. 

The Executive in Relation to External Statistics. — It is the duty 
of the management to see that facts and events occurring outside of the 
individual organization are properly recognized and considered in making 
executive decisions. The problems of management are not entirely a 
matter of internal relationships. The major executives must so organize 
their internal management duties that their attention can be given to 
the interpretation of the effect and importance of such subjects as general 
business conditions, conditions in their industry, and the indications of 
. future conditions. From previous discussions, it will be appreciated 
that the procedure indicated as advisable — as a result of business fore- 
casts, studies of the labor situation, analyses of the market, analyses of 
real estate conditions, or investigations of financial conditions — often 
involves serious questions of executive policy, and that, in such instances, 
the decision as to what course to follow can be made only by the manage- 
ment. It follows, therefore, that while the point of view in the preceding 
discussions of methods of making analyses (on the basis of external 
statistics) of general business, population and purchasing power, produc- 
tion, labor, markets, real estate, investments, and banking was princi- 
pa.lly that of the investigator, nevertheless, the application of such 
statistics is largely an executive problem; and the management is inter- 
ested in any or all of these types of surveys when they will help to solve a 
related problem. From the point of view of the executive looking down 
upon his organization, all of the different classes of statistics previously 
discussed in this book are management statistics. 

As an example of specifically relating an individual organization to 
external statistics, let us suppose that we are analyzing competition with 
a view to increasing bur competitive strength. One method of finding 
where one can increase one's competitive strength is that of comparing 
the costs of doing business. Such reports as those of the Harvard Bureau 
of Business Research furnish much information which can be used in 
making these studies. These reports furnish data on the average con- 
ditions in retail grocery, shoe, hardware, drug, jewelry, tire, general 
merchandise, and department stores, as well as for wholesale automotive 
equipment, grocery, drug, and dry-goods stores. If, for instance, we 
are operating a retail grocery store, and our salaries and wages constitute 
16 per cent of our net sales, we find by referring to these reports that we 
are paying considerably more than the average (10.9 per cent), which 
indicates that this is a point which should be investigated with a. view to 
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reducing operating expenses. Suppose also that our losses from bad 
debts are 5 per c^nt. This also indicates an opportunity for substantial 
improvement as the average loss is only A per cent. Our stock turn, 
however, of 12.5 is better than the average (10), which indicates that our 
greatest efforts to make improvements need not be applied here. 

If we are operating a small department store, similar data to that 
presented above enable us to analyze our situation with a view to meeting 
the competition of the large department stores. We find that the gross 
margin (difference between cost of goods and sales) is 32.2 per cent in the 
large stores, while it is only 28.6 per cent in the smaller stores, but in 
spite of the lower operating expenses in small stores, the large stores had 
a net profit of 2.3 per cent while the small stores had a profit of only .5 
per cent. This indicates that the large department stores pay less for 
their merchandise on account of their greater buying power. We find, 
however, that the large department store has a lower interest charge and 
a higher turnover, which indicates that we might improve our situations 
in this respect by studying the methods of the large department stores. 

Similar comparisons can be carried out in the different kinds of 
wholesale trades. If, for instance, we are operating a wholesale drug 
concern and rent is 3.0 per cent of our net sales, we would be paying 
a considerably higher proportion than the average, which is only .5 per 
(!ent, and it may be advisable for us to investigate this matter quite 
thoroughly. It may be that rents have increased in our location until it is 
no longer advisable for us to pay them, providing we can find a more 
economical location which is satisfactory for the wholesale drug business. 

Manufacturers, realtors, bankers, and other business men can make 
similar comparisons in instances where data are available. 

The Statistical Organization. — ^The amount and kind of statistical 
work that can be carried on varies directly with the size of the concern. 
When a large concern employs experts to work out certain problems 
statistically, it is relatively easy to distribute the expense over the large 
organization. If a small firm wishes to make the same statistical investi- 
gations, the cost may be out of all proportion to the size of the concern. 
Problems which would be complicated in a large concern, however, are 
often simple in a small concern, and, consequently, where an involved 
investigation might have to be made to solve the problem in a large con- 
cern, a relatively simple investigation might solve the problem as ade- 
quately in a small one. 

‘‘Contrary to general belief, the element of cost of statistical work 
is a relatively minor one in any organization of substantial size. A 
single, well-qualified statistician with one or two clerks, when working 
under the right executive, can soon demonstrate in a very practical way 
the profit to be derived from a^further expansion of statistical activities. 
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Furthermore, there are few large-scale organizations in which a critical 
study of existing expenditures for unorganized bulk statistics and a proper 
reorganization of existing statistical work will not effect economies suffi- 
cient to pay for a centralized statistical office. 

‘‘It is, nevertheless, to the interest of both the statistician* and the 
executive to establish statistical control gradually and with a careful 
testing of each step. On this basis each addition to the statistical organi- 
zation and each element of statistical work will constitute a proven source 
of profit, rather than an item of expense. On the other hand, if an 
attempt is made to create a large statistical organization over night, 
without well-established relations with the executives, there is great 
danger of repeating the experience recently brought to the writer^s 
attention, where a very competent statistical force gave repeated warn- 
ings of dangers ahead and was then suddenly disbanded, as a measure of 
economy, when the disregard of its warning led to disaster. 

“With a policy of gradual development once adopted and with 
immediate out-of-pocket expense thereby minimized, the next problem 
is that of choosing the chief statistician and establishing his relations to 
the balance of the organization. As previously indicated, the statistician 
must report directly to an executive who is in thorough S3rmpathy with 
the idea of statistical control and is capable of valuing the statistician’s 
work and translating it into terms of definite proposals for action. It 
is also desirable for this executive to be in position to put into effect, in 
the routine statistical work of the various units of the organization, the 
suggestions for improvements that will naturally originate with the 
central statistical office. 

“In selecting the chief statistician, there are two opposite possibilities. 
In either case the ultimate aim must be to combine, in this staff specialist, 
a broad, practical knowledge of the business with skill in statistical 
technique. This aim may be realized, in one way, by choosing a man 
already familiar with the business, who has an analytical mind and is 
capable of acquiring a knowledge of statistical methods, sufficient at 
least, to permit him to direct the work of statistical specialists of junior 
rank. The alternative procedure is to select a man of the proper general 
caliber, already skilled in statistics, and to give him an opportunity to 
familiarize himself with the details of the business, while at the same time 
he gradually develops the machinery of statistical control. A com- 
promise plan is to make a temporary assignment of a man skilled in the 
business, with the future chief statistician working ‘pro tern’ as his assist- 
ant. Any one of these plans will give satisfactory results if it is kept 
clearly in mind that the qualities required in the chief statistician, in 
order of importance, are good judgment, analytical ability, knowledge 
of the business, and statistical skill. c 
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‘‘After the selection of the chief statistician and the assignment of 
the central statistical office to a definite position in the business, further 
developments in statistical organization will depend very largely upon 
the gradual education of departmental and other executives in the 
effective^ use of statistical studies. 

Centralization of Control. — “The principle to be followed is that of 
centralization of statistical control in matters of methods and general 
policy, combined with decentralization in matters lying within the field of 
individual departments or organization units. Ordinarily it will be 
found that there are existing employees in each important unit of the 
organization who are doing work of a statistical or semistatistical nature 
and are relied upon by the executives of such units for much of the 
information upon which their day-by-day decisions are based. Such 
employees need not be designated as statisticians, but they should, 
nevertheless, be brought at a very early date into direct contact and 
cooperative relations with the chief statistician. 

“In line with this principle of decentralization of statistical work, it 
is especially important to keep in mind the close relation which, as 
previously indicated, must exist between statistics and executive responsi- 
bility. The chief statistician must initially make many studies which, 
in a sense, will be critical of existing performance. His success will not 
be measured, however, by the immediate value of such criticisms, but 
by his ability to establish within the various units of the organization 
such methods of statistical control as may tend to obviate the need for 
criticism. The chief statistician must feel, therefore, that he has gained 
rather than lost, whenever a departmental or unit executive expresses a 
desire to have any portion of the detailed statistical work transferred 
to his immediate supervision. 

“With a general plan adopted for the development of the statistical 
organization, many of the details of the actual statistical work and of the 
assignment of such work within the organization will settle themselves 
on the basis of day-to-day experience.”* . 

Routing Data through an Organization for Use in Preparing Reports 
for the Executives. — In order to show how practically all of the various 
types of internal and external statistics previously described in this 
book may be gathered and used regularly in the management of a specific 
enterprise, a statistical routing diagram of a large manufacturing concern 
is presented in Exhibit 219. 

The numbers in the small circles in the diagram refer to the various 
reports that are compiled. The topics of these reports are given in the 
list which accompanies the diagram. 

^ Rorty, M. C., “The Statistical Control of Business Activities,” Harvard Business 
Review^ Vol. I, No. 2, pp. 154-166, January 1923. 
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In following the data through the organization according to the 
diagram, it will be noted that the sales department, da the basis of its 
analyses of the market, sends forecasts of sales (in quantities) to the 
production department. Knowing something about the probable 
volumes of the different products that will be required, the ptoduction 



Exhibit 219A . — Routing of data through an organisation for the purpose of preparing 
forecasts and financial reports to be submitted by the treasurer to the executives desig- 
nated. For. key to numbers, see Exhibit 219B. {Names of companies changed,) 

department figures the mill cost of manufacture and forwards it to the 
sales department. Then the sales department is able to prepare report 
number 3 (forecast of selling price, freight and delivery, and selling 
expenses), which is forwarded to the comptroller’s statistical division of 
t^ Mcountipg department where the forecasts of the various departments 
are assembled and any necessary computhtions are made. 
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The production department sends report number 6 (a forecast of the 
consumption of materials and supplies in manufacture in quantities) to 
the purchasing department, and the purchasing department sends report 
6 (forecast of material prices) to the production department, which uses 
it in computing costs. The purchasing department’s forecast of pur- 

Kby to Chart 

1. Forecast of Sales, quantities. 

2. Forecast of Mill Cost of Manufacture. 

3. Forecast of Selling Price, Freight and Delivery, and Selling Expense. 

4. Forecasts assembled and computed. Sales in quantities and value; Mill Cost of Sales; 
Freight and Delivery, Selling Expense, Administrative and Net Receipts. 

5. Forecast of Consumption of Materials and Supplies in Manufacture, quantities. 

6. Forecast of Material Prices. 

7. Forecast of Purchases, value. 

8. Forecast of Production Capacity, units. 

9a. Forecast of Consumption of Materials and Supplies in Manufacture as percentages of 
Mill Cost of Manufacture. 

96. Forecast of Consumption of Materials and Supplies in Manufacture, value. 

10. Forecast of Construction, v^aluc. 

11. Forecast of Investment (Working Capital in detail). 

12. Forecast of Taxes, Bonus, Administrative, etc. 

13. Actual figures (see detail). 

14. Executive Committee Series, Books I and II. 

15. Analysis of Executive Committee Series. 

16. Variance of Forecasts. 

17. Executive Committee Scries, Summary — Pamphlets. 

18. Cash Position by months, National Manufacturing Company. 

19. Cash Position by months. National Manufacturing Company, Amendment. 

20. Cash Position Condensed, National Manufacturing Company. 

21. Capital Position, National Manufacturing Company. 

22. Dividend Recommendation (after action by Finance Committee) 

23. Consolidated Investment and Earnings Statement. 

24. Bonus Calculation. 

25. Forecast of Cash Position by months. National Specialties Company. 

26. Forecast of Cash Position by months. National Specialties Company, Amendment. 

27. Forecast of Cash Position by months. National Export Sales Corporation. 

28. Forecast of Earnings, National Export Sales Corporation. 

29. Treasurer’s Book of Diagrams. 

30. Forecast of Cash Position by months. National Building Corporation. 

31. Special Reports — Intermittent. 

Responsibility for items 1 to 10, inclusive, rests with General Statistical Committee; 
for items 11 to 13, inclusive, with Comptroller’s Statistical Division; while items 14 to 31, 
inclusive, represent Reports prepared by the Forecast and Analysis Division of the Treas- 
urer’s Department, which are based on the Forecasted and Actual data covered by items 
1 to 13, inclusive, together with additional information obtained within the Treasurer’s 
Department. 

Exhibit 219B. — Key to numbers on diagram shown in Exhibit 2 19 A on opposite page. 

chases in value (report 7), the production department’s forecast of 
production capacity and consumption (reports 8 and 9o), and the engi- 
neering department’s forecast of construction (report 10), fdl are sent 
to the comptroller’s statistical division to be combined with other 
forecasts. 

Then, after the proper combinations and computations are made, 
reports 4, 8, 95, 10, 11, 12, 13, and 7 (see topical list in Exhibit 219£) are 
forwarded to the forecast and analysis division of the treasurer’s depart- 
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inent. In that division, the internal reports are analyzed along with 
external data such as that furnished by the economic services and other 
statistical reporting agencies, and forecasts are prepared for reports 
14 to 31, inclusive (see list in Exhibit 219B). 

Reports 14 to 31 are then forwarded to the treasurer's oflSicet After 
the treasurer's final approval, certain of the reports are submitted to the 
finance committee (see Exhibit 219A), others are submitted to the execu- 
tive committee,, one is forwarded to the directors and assistant directors 
of the sales production and purchasing departments, and others are 
submitted to the boards of directors of subsidiary companies. 

In this manner, the company regularly compiles a series of statistical 
reports to be used as the bases of formulating many of its executive 
policies. 

In carrying on a concern's statistical investigations and analyses, 
it is obvious that the statistical department (or others who do the statis- 
tical work) cannot work alone, but must cooperate closely with the other 
departments in the organization. This is true not only in gathering 
and analyzing internal data, but also in gathering and analyzing external 
data. 

The Relation of the Statistical Department to the Management. — The 

responsibility of the statistical department (or division) as an aid to the 
management is obvious. Its position in the organization plans of dif- 
ierent concerns, however, varies widely. 

In Exhibit 219(A and R), responsibility for items 1 to 10, inclusive, 
rests with the central statistical committee; for items 11 to 13, inclusive, 
with the comptroller's statistical division; while items 14 to 31, inclu- 
sive, represent reports prepared by the forecast and analysis division of 
the treasurer's department. ^ In other concerns, the statistical depart- 
ment may be under the direct charge of a vice president, an assistant to 
the president, the comptroller, or other responsible official, but wherever 
the responsibility is placed, the statistical staff must not only collect, 
tabulate, and chart the data, but also it should apply methods of analyz- 
ing and interpreting the data through the use of such devices as averages, 
measures of dispersion, computation of composite index numbers, deter- 
mination and elimination of trend and seasonal influences, and the 
measurement of correlation. And, finally, the results must be presented 
in such a manner that the significant points are easily seen and under- 
stood- by those for whom the investigations and analyses are made.^ 

^ After the data have been gathered and analyzed, careful attention must be given 
to the presentation of the material. Often good data and good analyses are not 
appreciated because they are not presented simply and clearly. When long, detailed 
tables are presented with a report, it is usually well to prepare summary tables which 
can be included in the text of the analysis, by which the executive can see the signifi- 
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Proper analysis of the facts collected in the field of general business or in 
a particular industry requires much study and experience. The develop- 
ment of a staff trained both in economic principles and in statistical 
technique is, therefore, an important part of business management. 

The^relation of the statistical department to the management also 
depends to a considerable extent upon how well the executives understand 
the use of statistics and statistical analyses. While statistical reports 
are successfully used by many executives who have not had technical 
training, it is true, nevertheless, that the better the executives of the 
business understand the statistical methods and recognize the economic 
principles which are employed by the statisticians in their analyses, the 
better they will be able to apply the statistical information gathered. 
The factors to be recognized and the methods of interpreting them are so 
numerous that blind acceptance of the conclusions of any one analyst is 
not to be advocated. The executives who are responsible for directing 
an organization must understand how the results are obtained, at least 
in a general way, if they are to get the greatest value from statistical data 
and analyses. 

As mentioned from time to time in the various chapters of this book, 
the increasing competition among business institutions makes more 
accurate decisions necessary if a concern is to prosper. Consequently, in 
most business concerns that have real statistical departments, the 
statistician’s problems are those which involve questions of management. 
This close relation of the statistical department to the management 
presents both a challenge and an opportunity for practically minded busi- 
ness statisticians to work directly with senior and junior executives in 
improving the bases upon which the management makes its important 
decisions. 

What the business man is interested in is the results, but they must be 
presented in such a way that he can understand the procedure well 
enough to check them in a general way with his own judgment and 
experience. If a trend has been fitted by the method of least squares, for 
instance, it may not be necessary that the executive understand how 
to calculate the line, but he must ordinarily have a general appreciation 
of the nature of long-time trend. When the executive cannot use the 
statistician’s work, it may not be the fault of statistics but the fault of 
the statistician. Too often there is a lack of cooperation because the 

cant points at a glance. Charts and maps are valuable aids in presenting discussions. 
Ordinarfiy the reports should be neatly typed on a good paper and bound in a suit- 
able cover. Practically speaking, a good appearance is impressive and is often 
taken as an index of the care and skill that has been used in the other work connected 
with making the report. Further information on preparing statistical reports fmr 
business executives is given in the ilppendix (see p. 713). 
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statistician does not know enough about matters other than statistics, and 
he is considered an outsider by those familiar with the practical side of the 
business. 

The difference between the statistician's profession and such profes- 
sions as chemistry, engineering, or law must be thoroughly appreciated 
by both the statistician and the business man. The statistician’s work 
ordinarily involves questions of management, with which the executive 
feels that he himself is more familiar than anyone else, while, on the other 
hand, he may not feel familiar enough with such fields as chemistry, 
engineering, or law to make authoritative decisions. The executive 
may not understand chemistry, but he will accept the statement of a 
skilled industrial chemist that a certain process will produce a desired 
result, for the chemist knows that a certain reaction will take place and 
he can prove his process experimentally. The business statistician, 
however, has no such direct appeal to the confidence of the executive; 
his results are usually much less definite and depend upon the reactions 
of human beings who often are affected differently by the same'^ifiuli. 
What the business statistician does is to interpret the meanings oTfigures' 
relating to matters with which the executive has had long and intimate 
contact. Consequently, the executive is not satisfied unless he can 
understand in a general way how the statistician reaches his findings.^ 

Although the situation has improved materially during the last few 
years, a better understanding of practical usablencss by the students 
who are to become statisticians, as well as by the students who are to 
become executives, will do much to eliminate the poor cooperation or 
lack of cooperation which still exists in many instances. The statistician 
must use his methods in such a way and present his results in such a way 
that the general processes and solutions will be intelligible to those who 
are to base their . decisions upon them. When it is imperative that 
highly refined methods be used, the statistician must see that his tech- 
nique does not obscure his results. In the last analysis, the value of 
statistics depends upon the use that can be made of them. 

Cooperation Necessary. — ^^As has previously been indicated, any 
successful program must be based upon a policy of gradual development, 
with the closest of cooperation between statistical and administrative 
forces. Each subordinate executive must feel that he is directing, and to 
a large degree is planning, his own statistics. The most fatal of all 
steps is to attempt to impose statistical control as a supermanagement 
over a skeptical and unwilling organization. 


^See Leonard P. Ayres, ''The Dilemma of the New Statistics,” Presidential 
Address,. Eighty-eighth Annual Meeting, American Statistical Association, December 
29, 1926; published in the Journal of the American SUUietical Aeeociation, Marc^ 1927. 
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** Beyond this initial requirement, there is the need for a continuing 
practical touch in every angle of the statistical work. The actual reports 
and analyses will vary in type from business to business, and from month 
to month in any given business, but the basis for all internal statistics 
must be^ accurate and properly filed records of current and prospective 
activities. It is much more important to know just where and how 
fundamental information may be obtained, when needed, than it is to 
multiply routine reports and compilations. Ordinarily it will be found 
that the primary records need only the most inexpensive kind of revision 
to make them thoroughly adaptable to all further requirements. 

‘‘With this solid background of accurate records once established, it is 
possible to simplify greatly the reports which form the basis for routine 
statistical control. Each analysis, to justify itself as a routine report, 
must have a definite relation to executive action, and its indications must 
in every case be positive, either that conditions are satisfactory or that 
they are unsatisfactory, and, if the latter, where and why. Furthermore, 
the frequency of each report must be adjusted to executive requirements. 

Multiplying Executive Power.-— “The final test of the value of statis- 
tical control will lie in its success in multiplying the power and increasing 
the effectiveness of the responsible executives. It is a basic principle in 
business economics that the efficient size of an enterprise is determined by 
the point of balance between the increasing efficiency of processes and 
methods, and the decreasing efficiency of the human element, with 
growth in magnitude. When the volume of business is once great enough 
to permit full efficiency in processes and methods, further growth is 
ordinarily limited by the ability of a small group of active managers to 
spread their personal influence and enthusiasm throughout the 
organization. 

“It is here, in particular, that properly planned statistics have their 
greatest usefulness. If the executive will ask himself specifically and in 
detail what items and conditions he must watch and when he must act 
— ^if he will take each recurring problem and determine what facts are 
necessary for his decisions — ^it will not be difficult for a trained statistician 
to set up a series of periodic or special reports of such sort as to make the 
majority of these decisions a matter of relatively simple routine. 

“This picturing of a whole business so that the essentials stand out 
sharply from the mass of detail, is the essence of statistical control. 
Charts, tabular statements, and narrative comment may be combined 
according to the taste of the executive. Many experiments must be 
made and abandoned before satisfactory results are finally obtained. 
There will always be new problems to be met and new conditions to be 
analyzed. But, in the end, the executive who perseveres will find a 
new range' of vision in his business, a new length of arm and certainty of 
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hand in his management of affairs, and a new power and responsiveness to 
brake or throttle in his whole organization/^^ i 

Questions and Problems 

1 . What is meant by statistical control in business? ^ 

2 . What are the four main types of internal organization of business, and why 
must these be distinguished in considering executive control and management 
statistics? 

3. What is the relation of the chief executive to the internal organization? 

4 . Why is it necessary to distinguish between statistics and accounts in statistical 
control? 

6. In order to control effectively the operations of the business, what essentials 
are necessary and why? 

6. Of what significance are comptroller’s reports for the chief executive? What 
should these reports include? 

7 . Describe operating department reports for the chief executive. 

8. How can plans of operation be compared with actual performance? 

9. How can actual results be compared with standards of performance? 

10 . What types of external statistics are of value to the management of a con- 
cern? Explain in detail. 

11 . Why may all of the different classes of statistics discussed in this book be 
considered as management statistics”? 

12 . Discuss analysis of competitive strength through comparing costs of doing 
business. 

13 . Discuss the development of a statistical organization. 

14 . Are statistical studies practical *for small concerns? How? Why? 

16 . Discuss centralization of statistical control. 

16 . Explain how data may be routed through an organization for the purpose of 
preparing executive reports. 

17 . Explain the relation of the statistical department to the management. 

18 . Is the statistician’s advice ordinarily accepted by the business executive in 
the same manner as the advice of an attorney at law, a mechanical engineer, or an 
industrial chemist? Explain. 

19 . Why is cooperation necessary throughout an organization if there is to be 
effective statistical control? 

20 . How does statistical control “multiply executive power”? 

21 . List and describe a set of reports which would be of practical value to the 
executives of an organization with which you are familiar. 

22 . Prepare a diagram for routing through the organization the data necessary 
for the reports listed in answer to Problem 21. 

23 . Prepare a detailed plan for organizing a statistical department in a certain 
concern in your city which will cooperate with you in furnishing information. 


' Rorty, M. C., “The Statistical Control of Business Activities,” Harvard BiMnesa 
R€viefio;\o\, I, No. 2, pp. 154:-166, January 1923. 
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SCHEDULE AND QUESTIONNAIRE FORMS 

The schedules and questionnaires in this section are presented for the purpose of 
supplementing Chapter II on Collection of Data. When it is desired to prepare 
schedule or questionnaire forms, it is ordinarily helpful if one can refer to representa- 
tive but varying examples that have been used in actual practice. It is from this 
point of view that the six exhibits, which are presented on the following pages, have 
been selected. (These exhibits arc numbered from 220 to 225 inclusive, and are self- 
explanatory.) 




Exhibit 220. — An enumerator’s schedule for the 1930 population census 
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(reduced ^). (On the leveree eide is apace for an additional 60 names.) 
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Exhibit 221. — ^An enumerator's schedule and identification card, Kansas City occupancy 
(or vacancy) survey. {Courtety, Real Estate Board of Kansas CUy, Missouri,) 
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Department op Commerce 


MMCAuertTANOMM l•pt•B‘b•r 2 X% 1929 MVBITOPaXNO. 

Van* 

PotitlOB 

AAdrttt 

Star Sin 

Tha Departmaiit of Canmoree and tho Vational Boreoi of SeoBomie RoMordi 
hart undortdctB a Joint ttudar of the extent to ebidi Pederal. State and looal 
pahlie eonttraetion (including qoati-publie inttitutione tudi at tndoetd uni* 
▼trtitiee and oolltget) can ht adjuattd at a practical natter to help rtlitrt 
unaqplopnent in periodt of deprtttion and to eontrihuta to huaintta atahilitp 
in general. In thia connection we would like to hare the following infoma- 
tion from your office: 

1. Tor the purpose of taking adrantage of deprettion periodt in the 
huaintta carolt . do you attea^t to aeceleratt or retard 

(a) new eonatruct ion t 
(h) repaira and maintenance ? 

Bnartcat 

2. Tbr the puz^oae of taking adrantage of alahk aeaaona in rarioua linea 
of huaineaa and oployment, do you attempt to accalerate or retard 

(a) new eonatruct ion? 

(h) repaira and maintenance ? 

Saaaxka: 


Paw conatruotion, fiacal year ending . 


4. Btpairt A aaiatenaaet, fiacal yr. endi ng 1929 I 

• " set . 1928 $ 

* * set , 19g I 

" « set , 1926 $ 

■ « set , 1925 % 

Am the tixae allotted to ua for making thia atudy ia abort , your coopetac 
tion ia reqpieated in returning thia queationnaire in the accompanying franked 
esrelope idiieh requirea no poatage^ to that it may reach ua not later than 
October 9. 

Toura rery truly, 

(signature) 


PonPIE 


Olriaion of Building and Bousing. 


Exhibit 222. — combination letter and questionnaire. When both letter and question* 
naire can be short, the combination form is ordinarily the most desirable. 
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Joseph ^chards Company 


*47 7AM AVIMVt • MW VOK' 


orrmorTMi April 23, 1920* 

UMCTOA or UMAtCH 


To the 

Lady of the Hottae* 

Dear Madaat 

Won't you do ua a favor? 

We are ealled upon from time to 
time to answer many questions about 
household products and we have always 
found that the best way to get suoh 
information is to put the matter up to 
the woman of the house. 

So, if you will be good enough to 
answer the few short questions on the 
inside page we shall be a thousand times 
obliged to you. Since your answers will 
be used for statistioal purposes only 
you need not sign your name* If you 
wish to do so. however, you may rest 
assured that it will be held strictly 
.eonfidential* 

Let us thank you in advance for 
any help you may give us. 


C^ially* 

Direotor of Research* 


EbcHiBiT 223A. — ^Letter to accompany questionnaire in Exhibit 223B. This lettc 
frankly asks a favor, which ie a better method than to make an attempt to offer somethin 
of doubtful interest in return for the information, or to give an unconvincing reason wh 
the recipient should fill out the questionnaire* {flourteay, Riehardaon, AUey A Ridkarc 
Company,) * 
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QUESTIONNAIRE 

•EiVen though your experience with window shades may be very limited, 
we would greatly appreciate your answering as many of the questions as 
possible and rciturning them to us. 

What make or makes of window shades are you now using? 


When you last purchase<l window shades what make did you ask for? 

I asked for 

I did not ask for any make 

If you did not ask for any make, why did you not do so? 


Which do you consider more important, the cloth or the roller (check one). 
Cloth Roller 

Would you expect equal service and satisfaction fn)m two different-priced 
window shades made by the same manufacturer? 

Yes No 

With what makes of window shades or rollers are you familiar? 

Shades Rollers 


Please check ( ) that particular make of window shade and roller which 
you like best. 

What are your three favorite magazines? 

First 

Second 

Third 

Do you live in the city or the suburbs — apartment or private house? 


City Apartment... 

Suburbs Private house 


If you own an automobile, what make is it? 

Our car is a 

We do not own a car 

Exhibit 223i3. — Questionnaire to accompany letter shown in Exhibit 223 A. 
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« 


Dear Sir: 

With the object of eeouring more accurate 
information regarding the oreeent relation of 
aupoly of money to volume of house building, ve 
are Bending this inquiry to a representative group 
of financial Institutions and builders. Your 
courtesy in furnishing tne information requested 
on the attached card will be greatly appreciated. 

If you wish a eooy of the report preoared on 
this Investigation, kindly make a check mark in 
the space provided on the attached card. 

John Doe d Co* 


May X5, 1931 


BUSINESS REPLY CARD 

NO raSTAOC STAMP NKCSURT IP MAIUO IN TNC UNITCO STATCS 


2C.-POSTAGE WILL BE PAID BY— 


JOHN DOE & CO. 

1234 MARKET ST.. 

BOSTON. 

MASS. 



In my opinion, money for small home construction 
is as indicated below: 


For first mortgages: 
( ) very plentiful 
I I plentiful 
\ ) scarce 
( ) very scarce 


For second mortgages: 

( ) very plentiful 
( ) plentiful 
( ) scarce 
( ) very scarce 


Remarks:. 


( ) Send me a report 
on your findings. 

Haloe; 

( ) X do not care to Address: 
see the report. 


Exhibit 224.---Two sides of a double post card — postage on return portion to be paid 
by addressee. This is a handy form, from the point of view of both sender and receiver, 
for certain types of short questionnaires. Business reply cards may also be enclosed with 
letters. The return postage on these cards is 2 cents by ordinary mail and 7 cents by air 
mail. (On business reply envelopes, the postage is 4 cents by orchnary mail and 7 cents by 
air mail.) ■> 
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Automatic Pencil 

Handsome oversize lac> 
• 'quered barrel, automatic 
pencil. Propels, repels, 
and expels lead. 
Eraser and extra 
leads under cap. 

Exact size il- 
lustrated. 

Check here 
if you se- 
lect this 
gift. 

□ 


Genuine Bux- 
ton Keytainer, 
made of selected 
blade leather, vrith 
six swivel hooks. Pro- 
tects both keys and pock- 
et. Exact size illustrated. 
Check here if you select this 
gift □ 


Dear Subaorlbcr: 



Deoeaber 1929 


eaperienee that Suooeasful Faraing aubaorlbera 
with ua In aaklng the aagazlna Inoreaslngly 


In laying final plana for 1930. va want for our guidance aoae 
general infomatlon about the Suooeaaful Faraing faally. so we 
are aaklng sons of our readers to give us their replies to the 
questions in this folder. 


vhioh you will be required by'i 
AW. * AW. __ therefore. 


A large nuaber of the quei 
the 1930 Census schedule. _ 

governaent to fill out within a few aonths. Ho are. 

particularly anxious to have your replies, so wo can know how our 
aubaorlbera oospare with faraers la general. 

NOV THEN — ^Ne need this Inforaation Just as soon as you can get 
it to us. and if you will fill out and return this folder so it 
will reach ua before the end of Deeeaber we will send you. as 
evidence of our appreciation, either one of the gifts illustrat- 
ed above. The enclosed envelope does not need to be staaped. 

Thank you. 

JTK.RK SUCCESSFUL FARMING. 


Please aall the gift Z have seleoted to ae as follows: 


M sad UrfraM «iawlr M yMrnwwd vn rwah tm) 


Exhibit 225. — A definite reward is offered to get recipients to fill out this questionnaire. 
Unusually long questionnaires, especially when they inquire into personal affairs to the 
extent that this example does, ordinarily require that something of appreciable value be 
offered if adequate returns are to be received. {Courtesy^ Successful Farming.) 
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Exhibit 225. — {Continued.) 
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Exhibit 225. — (Continued.) 
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Vah«? nndi CNup did yon mO M botMrfit io 1929?» 

tmm M you mD iMt M boNerfat b 1929? ,.Vatat ? |L. 

1929? Ham awch dU you adf? __ValtM? 9^ 


^ValM?|» 

V pm± botm did jroa dnm b 
^PtaMt live Iht wmber of ngbttni 


: Dairy catth?. —Barf catdc?^ 


.Horaca?.. 


.Hoga?~ 


Slwep?^.,....;_Wl»t Hiodarn cqbiaiwt doyou fa year bam? Steal nanchloBaD VentilatoraQ WaterbowlaQ 

Pleaae glva oa the (tdlowini bfonnatba about your laka and ilaii|tiur of llvotock: 


UMAiiimdtSoid 
S»mbtr VtAm 


OB Your ParmfOT Hone 

UKor for Sale JSfSSi 


Oriver under 1 year of age 

Beef cattle (excluding calvci) . . 
Dairy cattte (excl u di n g calvea) . 

Hqgaaodplga 

ShMpndhnlM 

aod oolta • . 


Do you haul your livcatoek to marlnt b your own trudea? ao how long ia your averan l**d ?• 

Do you hire your livcatoek trucked to market? If ao. bow long U the averar bm*? - ...»«......How many 

YnwMa 


chkhen egga were produced on your farm in 1929?.»-. How many did you eell?-~ .» .....Value? — 

Penal Ommt 

How many chickena did you raise in 1929?-»-„«j~~»..~How many of these did you buy as baby chicks? ‘ffuiiar*”""* 

Do you use a commercial chick starter? What brand?..-. How many chickena did you 

sen alive or dressed In 1929?.— Value? ..-What was the total value of honey sold in 1929? $. 

What was the total value of wool sold b 1929? «. Please check the kind of road which adjoins your farm: 

All’weather □ Improved dirt □ Unimproved dirt □ If on dirt, how far are you from an all-weather road . 

Are you a member of a co-operative marketing or purchasing organization?. — ?®“ * member of a cow 
tesUng or herd improvement association? — —What editorial subjects In Surcestful Farming are most interesting 

YiiirN* 

and helpful to you and your family?-.—- — 


We would like to have you use this space to tell us of any improvements you tb'nk could be made in Sncctssful Forming 
to ffldie it more hdpful to yoa-..-.—- . — — — — — — - — — 


Exhibit 225 . — {Concluded,) 
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MECHANICAL AIDS IN STATISTICAL WORK 


The usual problem in business statistics requires the handling of so many figures 
that long-hand methods are too laborious and too expensive to be practical in carrying 
out such processes as counting, adding, computing, sorting, and tabulating. It is, 
therefore, essential that one appreciate the use of certain mechanical devices which 
perform these operations with far greater rapidity than they can be performed by 
human hands. 

It is the purpose of this appendix to describe briefly several machines (some of 
which have been mentioned previously) which assist in collecting, sorting, tabulating, 
and computing. While the machines described are representative examples of those 
that are in common usage, many other valuable mechanical devices are also available. 
The reader will find many good suggestions on this subject by referring to the adver^ 
tisements in business magazines. 



A BCD 

226. — Counting or tallying machines. C is designed to fit the fingers of the 
left hand. A, B, and D may be held in either hand. The watch pattern machine (1>) 
is operated by pressing the stem knob. {Courtesy, Eugene Dietzgen Company.) 


Counting Devices — ^the Tallying Machine. — In making traffic counts of automo- 
biles, pedestrians, etc., in connection with such problems as the locating of stores or 
display rooms, a counting device known as the “tallying machine” or “counting 
clock” (Exhibit 226) is very useful. With this device, each vehicle or pedestrian can 
be enumerated by the observer by pressing the knob on the tallying machine without 
diverting his attention from the objects to be counted. As traffic counts require 
quick observation and enumeration, this simple device materially assists in obtaining 
complete and accurate observations. 

In tabulation work, the tallying machine is often used in counting individual 
items which are recorded on schedules or questionnaires. In many instances, this is a 
more rapid method than using the tally sheet, which was described in connection with 

Exhibit 6 on page 60. 

Sorting and Tabulating. Machipps. — When large masses o{. data have b^n col- 
lected and recorded, it is often necessary to sort-and tabulate the items accoi^g to 
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{ 



A. — An I.B.M. 80-cdlumn '^shipments'* tabulating card. 



B. — ^A Powers 45-oolumn “stores requisition" tabulating card. 



C.-^A Powers QO^lumn **pay z^l i^Qd production’’ tabulating card, 
fiteair ^327. — Code cards used ' with I.B.M. tad powers tabulating equipment. (Full 
ids^ of cards is.3i by 7| inches.) 


































APPENDIX 7 / . , 649 

many and varioua clasBificatioiis. Ah mentioned in Chapter IV (pages 53 and 54), 
sorting and tabulatjng machines are manufactured by The Electric Bookkeeping and 
Accounting Machine Division of the International Business Machines Corporation, 
and the Powers Accounting Machine Division of Remington Rand, Inc. Throughout 
the remainder of this discussion, the tabulating systems and equipment of these 
concerns ^ill be referred to as “I.B.M.” and “Powers,” respectively. I.B.M. 
machines are not sold outright but are leased on a monthly contract basis. Powers 
machines are both leased and sold outright. 

The principle upon which sorting and tabulating machine operate is similar 
to that of the player>piano. Everyone is familiar with the parchment rolls that 
operate player-pianos by' means of holes punched on the rolls according to the notes of 
the composition. For mechanical sorting and tabulation, statistical data and other 
information which can be reduced to a numerical code are recorded on especially 
prepared tabulating cards by means of punched holes. The position of a hole in a 
card represents a figure. An electrical contact is made through the hole in the case of 
I.B.M. equipment, and a mechanical plunger passes through the hole in the case of 
Powers equipment. On the basis of the position of the contact or plunger, the cards 
are sorted and tabulated mechanically. Some of the tabulating machines list as well 
as add the data and count the cards, whereas other machines only count the number 
of items (or cards) and add the data according to different combinations selected. 
In the latter mac^hines, the results are read from the machines, whereas, in the former, 
permanent listings of the items and the results are obtained. 

The 80-column card, such as the one illustrated in P^xhibit 227A, is now commonly 
used in the I.B.M. system, but 45- and 34-column cards are also available. In the 
Powers system, both 45- and 90-column cards are used, sec Exhibit 227B and ( 7 . 
In referring to the 90-column card (Exhibit 227(7), it will be seen that there are only 
six positions available for each card column. Therefore, in order to provide for 
the standard 10 digits <0 to 9, inclusive), numerical designations are expressed both 
by single-hole punchings and by combined-hole punchings. That is, the 0 and odd 
digits (1, 3, 5, 7, and 9) are single-hole punched, and the even digits (2, 4, 6, and 8) 
are combined-hole punched. Referring to the ^2 position at the top of a column, if it 
alone is punched, the single hole will sort and tabulate on 1, but if in addition the 
cross (+) at the bottom of the column is punched the card will sort and tabulate on 2. 
This system will be made clear by a study of Exhibit 227C, which shows how the 
numbers typewritten at the top of the columns can be punched on the card. 

Various kinds of machines are furnished for punching and tabulating cards. 
Some of the more important types are illustrated in Inhibit 228. In using the I.B.M. 
electric key punch, the operator presses the key for each column and as each column is 
punched the card is automatically moved into position for the next column punching. 
Pressing the keys on the Powers punch ^ts the column punches in position, and then, 
when all punches are in the proper position, the holes are made in one operation. 
The electric duplicating key punch is used to duplicate all data common to more than 
one card, such as date, branch, and salesmen. In this machine, the cards are fed from 
the magazine to the punching mechanism and the holes are autohiatically punched, 
duplicating data from selected columns of & card to be copied, prior to punching the 
remaining data by hand operation. The alphabetie punches (Parts C and D, Elxbibit 
228) are arranged to punch names and words as well as numbers, by. means of a code. 
When the cards are run through the alphabetic printing tabulator, the names of the 
customers, or employees, etc., are printed on the tabulation sheets. The Powers 
punch, illustrated in Exhibit 228, Part D, automatically punches the one or two holes 
required for indicating odd and eveij digits on a 90-oolumn card. 
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Sorting machines are illustrated in Ehdiibit 229. The cards are automatically 
placed on the conveyor which carries them past the individual pockets until they 
arrive at the particular ^cket into which they are to be dropped according to the 
holes punched in the column for which the sorting gage has been set. The I.B.M. 
sorter (Part A, Exhibit 229) is available in two models. One model operates at a 
speed of 400 cards per minute and the other sorts 225 cards per minute. Two Powers 
sorting machines are available — one which sorts 45-column cards only, and one which 



Exhibit 228. — Machines for punching tabulating cards. A, Electric key punch. 
B. Motor-drive duplicating key punch. C. Alphabetic printing punch. D* A 45- and 
90-column alphabetic punch. (A,‘ B, and C, courteay, International Busineee Machines 
Corporation; D, courtesy. Remington Rand, Inc.) 

sorts both 46- and 90-column cards, see Exhibit 229, Part B. The Powers machines 
sort 420 and 250 cards per minute. 

The I.B.M. tabulator, designated as the “Electric Accounting Machine” (Part A, 
Exhibit 230), is a multiple adding, subtracting, classifying, and printing machine, 
which, actuated by punched tabulating cards, produces printed tabulations. It 
will list details from individual cards or it will print designations and totals, net 
totals, and accumulated net totals. . On the model shown, group totals from as many 
as five counters can be taken simultaneously, or seven banks of information may be 
listed at one time, accompanied by five totals. The machine capacities for listing and 
accumulating vary with the individual models. The machine can be instantly trans- 
formed into a “lister” .which prints in itemized detail the information recorded on 




A B 

Exhibit 230. — Tabulating machines. A. An I.B.M. tabulator (“Electric Accounting 
Machine”)- B. A Powers 46- and 90-column tabulator. (A, courtesy^ InitemaHonal 
Butineaa Machines Corporation; courtesy^ Remington Randy Inc,) 


matic plugboard, similar in principle to a telephone switchboard, by means of which 
any desired arrangement of data can be obtained from the punched cards. The 
machine is available in three, four, five, six, or seven bank models, each of which may 
be equipped with from two to five counters. These models operate at speeds of fiom 
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75 cards per minute, for both listing and tabulating, to a listing speed of 120 cards per 
minute and a tabulating speed of 150 cards per minute. ^ 

The Powers 45- and 90-column tabulator (Part B, Exhibit 230) has been designed 
to tabulate both the Powers 90-column card and the 45-column card. Information 
punched on cards is compiled and printed by this machine in any form desired. 




C 

Exhibit 231. — Adding machines. A, Burroughs adding machine. B, Sundstrand 
adding machine. C. Remington Rand adding machine. (A, courtesy, Burroughs Adding 
Machitie Company; B, courtesy, Underwood Elliott Fisher Company; C, courtesy. Remington 
Rand, Inc.) 


This type of tabulator will perform automatically the operation of adding and direct 
si^btracting and will produce sub or grand totals, or both. The printing capacity 
of the machine is in no way affected when grand totals, in addition to sub totals, are 
obtained. Grand totals are printed directly under the sub totals. Instead of a wiring 
set-up, the Powers tabulator is equipped with a ‘'multiple translator'' which is a 
mechanical device that makes it possible to effect a series of set-ups, whether simple or 
intricate, in a few seconds. One translator will 3f itself serve a plurality of applied 
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tions — enough in most instances to satisfy the requirements of the average installation. 
The speed at which# this tabulator operates is 100 cards per minute. 

It should be appreciated that although the I.B.M. and Powers machines are 
similar in many respects, there are many cases where one will have an advantage over 
the other. ^For this reason many organizations use both kinds of equipment. The 
question as to which one should be used, however, is one which can be answered only 
by an experienced operator. 

Adding and Calculating Machines. — ^Adding-listing machines are so commonly 
used that a detailed description need not be given here. There are two main types 
of such machines — those with a keyboard similar to the Burroughs and those with a 
keyboard similar to the Underwood Sundstrand or Remington Rand (Exhibit 231). 
Bpth types arc available in the hand-operated and in the electric motor-driven models. 



EIxhibit 232. — “Key-driven” calculating machines. A. Comptometer. B, Bur- 
roughs calculator. (The models illustrated are motor driven.) (A, courtesy. Felt and 
Tarrant ManufatAuring Company; B, courtesy. Burroughs Adding Machine Company.) 


The numbers are placed in the ordinary adding machine by pressing keys and either 
turning a hand crank or touching an electric key which causes the motor to place the 
numbers of the depressed keys in the machine. Machines such as those shown in 
Exhibit 231 automatically list the data and the totals on tapes. These tape records 
are a great convenience in checking. 

While adding machines are used principally for addition, they can also be used 
for subtraction, multiplication, and division. After setting the key for “subtraction” 
and placing in the machine the amount from which subtraction is to be performed, 
the amount to be subtracted is then placed on the keyboard and the crank turned, 
leaving the difference. (It is to be noted that all models are not equipped with the 
subtraction key.) Multiplication is performed by pressing the “repeat” key and 
successively adding the amount to be multiplied the desired number of times, and 
repeating the process in the next decimal place for each digit of the multiplier. In 
dividing, the divisor is successively subtracted from the amount into which it is being 
divided, the quotient being the number of times this subtraction is made before zero 
is reached, again utilizing the shift of decimals. 

Calculating machines perform the same functions as the adding machines just 
described, though they do not list the data* However, multiplication and division 
can be performed with much greater ease and speed on the calculating machines, 
and consequently, because of this advantage, they are ordinarily preferred for such 
operations. 
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The G)mptometer and the Burroughs calculators (Exhibit 232) are key-driven 
machines which add, subtract, multiply, and divide in much the fame manner as the 
adding machine, except that the pressing of the keys causes the rotation of the count- 
ing mechanism and places the numbers in the counters of the machine without turning 
a crank or touching an electric key. In the electric machines depressing the keys 
actuates a motor which completes the operation. The hand or motor crank is used to 
“clear” the machine before starting a new computation. As with the adding machine, 
multiplication and division are performed as variations of addition and subtraction, 
respectively. 

In calculators such as the Monroe and the Marchant (Exhibit 233), the hand or 
electrically operated crank drives the calculating mechanism. These machines are 
used chiefly for multiplication and division. The following description, which ineJU 
cates the methods of operating these machines, is applied to the Monroe specifically. 



calculator. (The models illustrated are electrically cranked.) (A, courtesy^ Monroe 
Calculating Jdachine Company; J3, courtesy^ Marchant Calculating Machine Company,) 


but the Marchant is operated similarly. The Monroe has three dials: one (upper 
right) to indicate the number of times the crank has been turned, one (lower) to 
indicate the amounts accumulated (in multiplication) or remaining (in division) 
after the crank has been turned, and one (upper left) for special purposes. In multi- 
plication, the amount to be multiplied is placed on the keyboard by depressing the 
proper keys, and the “repeat” key is depressed. If it is desired to multiply by 653, 
the crank is turned three times and the entire carriage in which the counters or dials 
are shown is shifted one position to the right by means of a turn key on the front of 
the machine. The crank is then turned five times and the carriage is again shifted 
to the right, whereupon the crank is turned six times. The result is shown in the 
lower dial, and the number by which the amount on the keyboard has been multiplied 
(653) appears in the upper right dial, this being the number of times the crank was 
turned in each position of the carriage. In dividing, the dividend is first placed in the 
lower counter of the machine by depressing the keys and turning the crank once in 
the usual cranking direction. The upper counter is then cleared by turning the crank 
opposite it, and the keyboard is cleared by pressing the key which is provided for this 
puipose. The divisor is then placed on the keyboard, . and with the repeat key 
depressed, the machine crank is turned in ret^erae . direction to that used in multiply- 
ing. This subtmets the divisor amount from the dividend in the lower counter, and 
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• 

when the divisor has been subtracted from the amount directly above it as many times 
as it can be without leaving a negative result, the carriage is shifted to the left and 
the cranting is conlinued. The quotient (which is the number of times the divisor 
on the keyboard is contained in the dividend in the lower (;ounter) appears in the 
upper right counter. Care must be taken to have the divisor on the keyboard directly 
below thetdlvidend, and to point off the decimal place properly in the quotient. 

The Slide Rule. — The slide rule is not only an indispensable aid to the statistician 
and engineer, but it is also a very valuable help to the manufacturer, merchant, banker, 
and all others whose ocjcupation or business involves calculations. Although the 
slide rule has the general reputation, among those who are not mathematically trained, 
of being a mysterious and complicated instrument, its operation actually is relatively 
simple, and it can be used readily by students in the higher grades of the elementary' 
s(ihools. 

It will be the purpose of this discussion to describe merely the simpler operations 
of multiplying, dividing, squaring, and finding square root. For explanation of 
more complicated operations, the reader is referred to the special manuals on slide-rule 
operation. 

If one who w'ishes to learn to operate the slide rule already knows how to use 
semilogarithmic coordinate paper, he can use this knowledge as a basis for operating 
the slide rule. He already knows that if he has two identical logarithmic scales and 
slides one along the other as in Part A, Exhibit 234, wherever he stops, all the numbers 
on the top scale will bear the saine proportion to those opposite them on the bottom 
scale. This is a leading principle of the slide rule. Therefore, referring to the C 
and D scales in Part B, Exhibit 234, slide the slide as we will, we find that: 

i Any number ) ^ i The number J J Any other / ^ j The number } 
on C I ’ (under it on />(* * (number on C) ’ / under it on Z)J 

Suppose then tliat we wish to solve the following problem; 

5:6::8:x 

To do this (using the C and D scales) s(it the slide rule as follows: 

C I Set first terra (5) | Under third term (8) 

D ] over second term (6) | find fourth term (9.6) 

The above setting is illustrated in Part B, Exhibit 234. The slide is set so that 5 
(C scale) is over 6 (D scale), and under 8 we read 9.6. 

Multiplication and division resolve themselves into proportion. For instance, 
the proportion 1:12: : 5: 60 is but a simple problem in multiplication, 12 and 5 being 
the two factors and 60 their product. 

Therefore the rule for multiplication is; 

C I Set 1 I Under the ot her factor (5) 

D 1 over 1 factor (12) [ read their product (60) 

In Exhibit 234, Part B, the slide is set for performing the above multiplication. 
(Note carefully that the small 2 on the D scale under the large 1 on the C scale repre- 
sents 12, as it is not read alone, but with the large 1 at the extreme left.) 

If we wish to multiply 12 times 9 and set 1 over 12 as illustrated in Part B, Exhibit 
234, we find that to read under 9 we need another cycle of the logarithmic scale. To 
secure this effect, wc simply move tilie slide one full cycle to the left, setting the right- 




Exhibit 234. — Slide-rule operation. A. Relation of logarithmic scales. B. A slide rule (slide extended to the right). C. Slide extended 
to the left. D. Thatcher cylindrical slide rule. (R, C, and Z>, courtesy, Keuffel & Esser.) 
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end 1 over the 12 as illustrated in Part C, Exhibit 234. Then under 9 we read the 
desired product (108). 

In division, the proportion discussed alwve (1 : 12: :5:60) is reversed and becomes 
5:60: .1:12. 

The rule for division is, therefore: 

• • 

C I Set di v isor (5 ) [ Under 1 

D I over dividend (60) | read the quotient (12) 

Referring to p]xhibit 234, Part R, set 5 over 60 as shown and under 1 read the quotient 

( 12 ). 

Some slide rules have a Cl or inverted C scale. After one becomes reasonably 
falniliar with the instrument, the use of the Cl scale greatly facilitates the process of 
division. The rule for division with the Cl scale is: Set 1 over the dividend, and 
under the divisor read the quotient. 

A convenient setting for computing percentage relatives is: 

C I Set base figure (80) | Under other figure (160) 

D I over 100 1 read percentage relative (200) 

The preceding setting is also convenient when dividing each number in a long 
series of numbers by one divisor. Using other terms, this setting is as follows: 

C I Set divisor (5) | Under the dividend (60) 

J) I over 1 I read the quotient (12) 

In the two preceding settings the slide remains in one position for the different 
operations except when it is necessary to shift the slide a full length. 

To square a number, use the s(;ales designated A and D in Part R, Exhibit 234. 
Suppose that we wish to square 3. Set the hair-line of the indicator at 3 on the /> 
scale. Then directly above, on the A scale, read 0, the desired square. • 

To find square roots, simply do the work in reverse order. To find the square rpot 
of 9, for instance, set the indicator hair-line at 9 on the A scale, being careful to use the 
9 on the left-hand half of the rule, because the other 9 is really 90. Pirectly below on 
the D scale read 3, the desired root. (Note that the 9 on the left-hand half of the nile 
is 9, 900, 90,000 or .09, .0009, etc., while that on the right-hand half is 90, 9,000, 

900.000, or .9, .009, .00009, etc.) 

In using a slide rule, the operator may assume any number of ciphers preceding or 
following the numbers on the C and D scales. That is, 5 may be .0005, .005, .05, .5, 5, 
50, 500, 5,000, etc. There are definite rules for pointing off decimal places in slide-rule 
computations, but the usual method is to point off by inspection.^ One ordinarily 
knows that an answer is between 10 and 100, between 100 and 1,000, etc., and the 
slide rule enables him to locate it between these limits. 

The accuracy to which the slide rule can be read is proportional to the unit lenj^h 
of the scales used. The lO^inch nile gives results correct to within 1 piirt in about 

1.000, or one-tenth of 1 per cent. The 20-inch rule gives results correct to within oihe 
part in about 2,000. The Thatcher cylindrical slide rule (Part R, Exhibit 1234) gives 
an accuracy to about 1 part in 10,000. 

^ For descriptions of methods of pointing off in slide-rule computations, see 
manuals furnished by instrument companies. 
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STATISTICAL DRAWING AND LETTERING 


A knowledge of statistical drafting is valuable from many points of view. It may 
serve as an immediate means of s(?curing a position in a statistical department because 
it is a definite attainment which can immediately be capitalized upon by the employer, 
and one can show what kind of work he can do when he applies for the position. 
TTatcr, when the statistical draftsman has vrorked his way up in the department, his 
knowledge of drafting will be of value in supervising the work of others. However, 
whether or not one ever becomes a professional chart maker, actual practice in 
drawing and lettering statistical charts gives valuable training in accurately and 
correctly reading data presented in the graphic language, and enaolcs one to judge the 
work of others with greater ’proficiency. 

This discussion on the technique of chart drawing and lettering is designed to 
cover briefly; (1) drawing equipment and its use; and (2) lettering. ^ 


DRAWING EQUIPMENT AND ITS USE 

When selecting drawing equipment, dne shoidd select the best that can be afforded, 
for success in charting depends to a considerable extent upon the quality of the instru- 
ments and materials used. The following list inchules the instruments and materials 
necessary for ordinary work in graphic presentation of business statistics: 


List of Instruments and Materials 


Set of drawing instruments in case, includ- 
ing compasses with needle point, pen, 
pencil, and lengthening bar; dividers; 
bow instruments ; and ruling pens. 

Drawing board. 

T-square. 

45- and 30~60-degree triangles. 

French or irregular curves and ship 
curves. 

12-inch scale (statistiidaii’s scale pre- 
ferred). 

Protractor. 


Lettering pens (assorted sizes), pen- 
holders. 

Drawing pencils. 

Art gum, erasers, and erasing shield. 

Thumb tacks. 

Paper. 

Other equipment which may be included 
is mentioned in the description. 
Instniment dealers' and manufactur- 
ers’ catalogs will furnish additional 
suggestions.^ 


Charting Paper. — Selection of paper depends upon the use to which it is to be put 
and the personal taste of the individual, but, in general, it is best to avoid cheap grades. 
A good paper should be strong, of uniform thickness and surface, should stretch evenly, 

^This discussion of “Statistical Drawing and Lettering” is abstracted from 
John R. Rigglcman, “Graphic Methods for Presenting Business Statistics,” McGraw- 
Hill Book Company, Inc., New York, 193G. Credit should also be given to Thomas 
E. French’s “Engineering Drawing,” McGraw-Hill Book Company, Inc., New York, 
for many of the ideas presented in this discussion. 

*See especially the catalogs of Theo. Alteneder & Sons, Philadelphia; Keuffel & 
Esser Company, New York; and Bugene Dietzgen (k)mpany, Chicago. 
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lie smooth, and allow considerable erasing without spoiling the surface. For high- 
class and lasting work, Whatman’s paper and Reynold’s bristol board are considered 
to be among the best. For most business graphic work, many leoi expensive papers 
are quite satisfactory if they take ink and color well and stand a reasonable amount of 
erasing.^ Bond and ledger papers are also used to a considerable extent in chart 
making. Detailed descriptions of drawing paper with sizes and prices are^ given in 
catalogs of dealers in engineers’ and draftsmen’s supplies. 

For making working drawings and sketches, various kinds of ready-ruled coordi- 
nate paper are available as described and illustrated on pages 78 and 79. Similar 
forms with months, years, etc., printed in, are also available. 

Pencils. — Lead pencils are graded according to their hardness which is expressed 
by numbers with the 1: ttcr H.* Personal preferences vary, but for general use in 
statistical charting, 3H, 4H, and 5H pencils sharpened to long conical points, have 
been found to meet most of the requirements in drawing. A softer pencil (2H or H) 
should also be provided for lettering. The chisel or wedge point is preferred by some 
for hard pencils as it does not wear away so fast as the conical point. 


The Drawing Bolurd. — Drawing boards arc usually made of well-seasoned, clear, 
white pine, cleated at the ends to prevent warping (Part A, Exhibit 235). The ends 
should be perfectly straight, so that the T-square can be used accurately. 



A B 

Exhibit 236. — A. Use of drawing board and T-square. B. Use of triangles. 


Paper is fastened to the drawing board by means of thumb tacks. It is usually 
cut larger than the drawing to be made, and should be placed on the board squarely, 
with the aid of the T-square, and the tacks pushed in up to the head in order that 
the T-square will not be obstructed. 

The T-square. — ^T-squares are usually made of hardwood, the better grades having 
the edges of the blades lined with ebony or celluloid. They arc used principally for 
drawing parallel lines horizontally and for keeping the triangle in position for drawing 
other lines. Horizontal lines should always be drawn from left to right, and the 
T-square should always be used from the left edge of the drawing board (Part A, 
Exhibit 235) as the edges are seldom parallel or at right angles to each other.* 

1 Keuffel & Esser ''Normal” is one of the best of the inexpensive drawing papers. 

* Pencils commonly used are harder as the number increases, and are graded from 
H to 9H. Very soft pencils are graded by their softness which is designated by the 
letter B and a number which increases as the lead becomes softer. Thus (according 
to Keuffel & Esser) from soft to hard, they are 6B, 5B, 4B, 3B, BB, B, F, HB, H, 
HH, 3H, 4H, 6H, 6H, 7H, 8H, 9H. Different companies, however, vary in the use 
of this system. 

* This would be reversed for a left-handed persqn, of course, who would draw from 
right to left and use the T-square on the right edge of the board. 
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Triangles. — ^Triangles are made of various substances, but transparent celluloM 
is the piost popular. Vertical and sloping lines are drawn by setting the triangle 
against the T-square and drawing from bottom to top, as illustrated in Part B, Exhibit 
235. Various sizes are made, but a 6- or 7-inch triangle will be found convenient for 
most chart work, especially when 8|- by 11-inch paper is used. As celluloid triangles 
warp eaSify, care should be taken that they lie flat or are hung up when not in use. 

French or Irregular Curves. — French or irregular curves and ship curves are laid 
out in combinations of spirals, ellipses, and other such curves as will closely approxi- 
mate those commonly met with in practice. A smoothed curve is drawn on a statis- 
tical chart by first locating all the points in the series and then so placing the irregular 
curve that it coincides with several of them. It is shifted from one position to another 
as the line is drawn. It is usually best to sketch through the points a free-hand pencil ' 
curve that is satisfactory to the eye, and then apply the irregular curve, selecting 
a part that will most nearly fit a portion of the line. It is very important that the 
draftsman indicate in advance on his chart the points where the curvature changes. 
He should then be careful to reverse his curve at such points. Also, it is important to 
select the right type of cui;ye in accordance with the line to be drawn, and to shift 
this curve so as to get a long fit rather than a short one. 

Scales. — Statisticians* scales are made especially for laying out statistical charts. 
The one shown in Exhibit 236 has four different scales: (1) one in ordinary English 
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Exhibit 236. — A statistician’s scale. {Courtesy, Theodore AJteneder A Sons,) 


rule divisions — sixteenths of an inch; (2) one in decimal parts of an inch; (3) one in 
centimeters; and (4) one logarithmic. This furnishes a scale for making logarithmic 
graduations, and a choice of three units for making various measurements, laying off 
spaces, or dividing a given distance into a certain number of equal parts. These 
scales are made usually of plain boxwood or 
boxwood with white edges. ^ 

There are two kinds of engineers’ scales in 
common use — ^known as the ‘^engineer's scale " 
of decimal parts, and the “architect's scale" 
of proportional feet and inches. They are 
made in triangular form and also in sets of 
flat shapes. In chart making these scales are 
widely used, especially by those who have had 
engineering training. 

Protractors. — ^A protractor (Exhibit 237) 
is a necessity in laying out “pie charts. " The 
common protractor is a semicircle of 180 degrees, but a more convenient form for 
pie charting is the percentage protractor made on a basis of 100 parts to the circle. 



Exhibit 237. — A 
tractor. {Courtesy, 
Company,) ' 


percentage pro- 
Eugene Dietzgen 


^ Scale number 2736 of Theo« Alteneder & Sons, Philadelphia, Pennsylvania. 
A triangular scale with logarithmic graduations is made by Keuffel & Esser, New York. 
Special scales for statisticians can be made to order by scale manufacturers. 
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Compasses and Dividers. — Compasses and dividers are usually included in sets 
of various combinations contained in a special case. The combinations vary accord- 
ing to the line of work and means of the user, but should contain at least a pair of 
compasses with pen, pencil, lengthening bar, a pair of dividers, and a ruling pen. 



Exhibit 238. — Set of drawing instruments in case. (Courteny, Theodore Altenedcr & Sons.) 


One log of the compasses is fitted with a needle point, and the other may be fitted 
with either a pencil or a pen by means of a shank and socket (Exhibit 238). With 
most instruments the needle is separate and has a scpiare shoulder on one or both 
ends from which a minute point projects. Before using compasses, this needle point 
should be adjusted by attaching the pen and setting the needle a trifle 
longer than the pen (Exhibit 239). The needle should be kept in this 
position and the lead, sharpened to a fine wedge or long bevel edge, should 
be adjusted to it. This will allow the interchanging of pen and pencil 
without adjusting the needle point. 

When drawing a circle, the compasses, held loosely between j;he thumb 
and forefinger, should be inclined slightly in the direction of revolution. 
Only a light pressure is necessary. For drawing circles larger than the 
spread of the compasses, the lengthening bar (Exhibit 238) must be 
inserted between the leg socket and the pen or pencil. 

239^^ A™ Dividers (Exhibit 238) are used for laying off distances, either from 

justment of measurements or from other parts of the drawing, and for dividing lines 
needlepoint, into equal parts. When la3dng off equal distances the dividers should 
be turned in opposite directions each time, in order that the instrument 
can be operated readily with one hand. 

A form of dividers known as the “hair-spring ” is equipped with a screw adjustment 
ip one leg for piaking fine settings. Combination instruments are made which may 
be used both as compasses and dividers simply f>y interchanging the pen or pencil 
pk>int for a needle point. 
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The bow instruments arc used as adjuncts to the compasses and dividers and 
have t^eir special^ field of usefulness in making circles and spaces which are so small 
that it is difficult to make them with the large instruments. The set of three spring 
bow instruments includes bow dividers or spacers, bow pencil, and bow pen (Slxhibit 
238). Since it holds its adjustment, the bow pen is almost indispensable in duplicating 
a large ffumbcr of small circles. 

Ruling Pens. — ^Ruling pens arc made in a number of forms, but all consist of a 
handle bearing two spring nibs which have a thumbscrew adjustment for regulating 
the width of line (Exhibit 238). Some forms have a device which allows the blades to 
be opened for cleaning, independently of the thumbscrew. 

For large work a very valuable pen is the form known as 
the '‘detail pen.” 

The ruling pen is filled by placing the ink between the 
nibs with a common steel pen or with the quill filler or 
dropper that is provided with most drawing inks. The ink 
should fill the pen to a height of from to } inch depending 
upon the size of the pen; if^ too much is used its weight will 
cause it to run out upon the drawing. The width of the line 
is varied by changing the distance between the pen points 
with the thumbscrew. 

The ruling pen is never used free hand, but always with a guiding edge. It should 
be held with the blades parallel to the edge, the handle slightlj'^ inclined in the direction 
of motion, and in a plane which passes through the line perpendicularly to the paper 
(Exhibit 240). 

Ink will dry rapidly in the point of the pen when it is adjusted for fine lines and 
may refuse to flow after the pen has remained idle for a few seconds. If gently pinch- 
ing the nibs or touching the point on the back of the finger does not start the flow, 
the pen should be cleaned and filled with fresh ink. Pens should be wiped clean when 
one is through using them, because dirty pons will not draw clean-cut lines and ink 
left in them will corrode the steel blades. 



itioii 

pen. 


for using ruling 


(kfide clipped info wet fine 


Roggea line from dirty pen 


Ink on outride of pen, ran under 


Psn kx) close ibgwde. Ink ran under 


Pen pressed too hard against gukk. 
Pen too full Not enough ink ' 


Crooked line from using high guide 
Exhibit 241. — Beginners* common faults in using ruling pens. 


Inked lines may be imperfect through the fault of the pen, the ink, the paper, 
or the draftsman. Exhibit 241 shows several common faults for which the draftsman 
is to blame. 

Ink. — Waterproof India ink is usually used for chart making, as it leaves a per- 
manent black line. It is composed of finely divided carbon held in suspension, with 
shellac added to make it waterproof. Non-waterproof ink flows more freely, but is 
not popular because it smudges very easily. A blotter should never be used on draw- 
ing ink, as it removes part of the layer of carbon and leaves a weak line. 

• When they are not in use, ink bottles should be kept tightly corked to prevent 
the ink from thickening and drying up. Drawing ink must not be allowed to freeze, 
as once frozen it is useless. 
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Waterproof drawing inks are also made in a variety of colors. As colored inks 
are thinner, they flow more readily than black when used in ruling pens. 

Erasers. — Although but little erasing should be necessary, a good ink eraser should 
be provided for erasing errors in lines or letters. In using erasers, care must be taken 
not to damage the paper or the surrounding work. Erasing shields, usually made of 
thin metal, are used to protect the work around the erasure, which is made through 
one of the slits. 

Drawings are cleaned by rubbing with a piece of art gum, or sponge rubber. How- 
ever, finished drawings should not be scrubbed all over with the art gum or rubber, 
as it takes the life out of the inked lines. 



D . E 

Exhibit 242. — Methods of dividing a given line or space. 


Division of Space or Lines with Scales and Dividers. — ^After the proportions and 
size of a. particular chart have been laid out, a simple method of dividing space into 
any number of equal parts is shown in Part A, Exhibit 242. In this illustration, it is 
desired to divide the space into five equal parts, and the scale is simply rotated until 
the spaces can be marked off according to convenient scale intervals as shown. The 
same principle applies to the use of the logarithmic scale (see Part B, Exhibit 242). 
If, in such a case, the logarithmic scale is too short, a line twice the length of the scale 
can be laid out between the limiting lines, and each logarithmic division doubled as it is 
laid: out along this line. 

Mother .method which is often used in laying out logarithmic scales (as well as 
arithmetic scales) is that shown in Part C, Exhibit 242. It is desired to divide the 
, distance A-B logarithmically from 1 to io with the scale C-D. Place the scale C-D 
a reasonable distance from the line A-B and perfectly parallel with it. Locate as 
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many points along C~D as are wanted on A-B. Draw the lines B-Z) and A-C and 
produce them until they intersect at E. Then lines drawn from E through the points 
laid off between tJ and D will locate the logarithmic graduations on the line. A-B. 
This method, of course, can be used for logarithmic spacing of a distance either greater 
or less than the length of the scale used. ' 

Part»B, Exhibit 242, shows another simple method of dividing a line into any 
number of equal parts. To divide line A-B into, for instance, five equal parts, draw 
any line B-C, and on it step off with the dividers five 
convenient lengths. From C, the last point, draw a line 
to A. Then draw lines parallel to A-C through the 
points on B-C, intersecting the line A-B which will bo 
divided thereby into five equal parts. Triangle and T- 
'Iquare may be used as illustrated for drawing parallel 
lines. 

A convenient method for dividing space irregularly 
as, for instance, in laying out a bar chart, where the 
spaces between the bars are not the same as the widths 
of the bars, is shown in Part B, Exhibit 242. With the 
dividers or scale simply lay out the spaces in convenient 
units of the right proportions on a strip of paper some- 
what longer than the space to be divided, and use the 
strip as illustrated (Part B, Exhibit 242). 

Optical Illusions. — In cross-hatching or shading 
areas it must be recognized that one must contend with 
certain optical illusions. Occasionally these illusions 
spoil the effect of the entire chart. Some of the most 
common arc illustrated in Exhibit 243. Note that in A 
the part of the bar shaded with horizontal lines appears to be narrower than the parts 
shaded with vertical lines. In B, the part of the bar shaded in black appears to be 
narrower than the white parts. In both A and B, the sides of the bars are perfectly 
straight and parallel. In C, the first and second bars appear to be closer together at 
rx A KT middle, and the second and third 

V^LL/ Ry MAN appear to be farthest apart at the ends while, as a matter of 
fact, the three bars are perfectly parallel. 

Reman lower case 
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As far as appearance is concerned, there is no part of a 
chart more important than the lettering. A good drawing 
may be ruined by poor or careless lettering, not only in 
appearance but in its effect, as any evidence of carelessness 
or lack of skill tends to destroy confidence in the work. 

Almost any consistent style of plain, neat lettering is 
acceptable in the ordinary course of statistical chart work. 
Ornate lettering has its place among artists and craftsmen, 
but it is neither practical nor appropriate for business 
charts. The most common styles used in statistical charting are the Commercial 
Gothic and the Modern Roman or its modifications (see Exhibit 244). 

Lettering Instruments. — Many different kinds of steel writing pens are used for 
lettering. Exhibit 245 shows several pens which are widely used for making letters 
under } inch high. The size of pen to be used depends upon the width of line desired 
for the lettering. The pen should be selected which will make the desired width 
without spreading the point. Steel pens may be inked by dipping them into the 


GOMMeRCIAL GOTHIC 

Exhibit 244. — A few 
common styles of letters 
used by printers. 
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bottle, but many consider it better to fill them with the quill or dropper. If too 
much ink is used, it has a tendepcy to . run where strokes are joined in the letters. 
The ordinary cork-grip penholder is commonly used, though varidus other kinds are 
furnished to suit personal preferences. 



Exhibit 245. — Common lettering pens. 



Ill 


No.000 00 0 1 

Exhibit 246. — Payzant lettering pens. 



2 8 4 5 a 

{Courtesy, Keuffd & Eeser Company,) 


Exhibit 247. — Wrioo lettering guide and pen. {Courtesy, Wood-Began Instrument 
Company and The Eugene Dietzgen Company,) 

A popular form of special pen for making letters from i'to 2} inches high is the 
Pkysant pen (Exhibit 246). Uniform lines can be made easily with this pen as it*is 
dpnstructed to produce the same width and density of Hne, no matter in what direc- 
4ji<m to mov^ 
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Letters larger than 2} inches high, such as those used in titles of wall chails, are 
best made by outlining with drawing instruments and filling in, but fair letteis may 
be made more quicldy by using a brush. 

After one has studied lettering and knows what sizes to use, and if one understands 
spacing, the Wrico lettering guides, ^ illustrated in Exhibit 247, are very satisfactory 
aids in muking more accurate forms. A good form of pen to use with all except the 
smaller of these guides is the Payzant iUustrated in Exhibit 246. The special pen, 
shown in Exhibit 247, however, is preferred by many, and it is especially necessary 
for the smaller lettering. 

General Proportions. — ^There is no standard proportional relation of width to 
height in letters. When space for lettering is short, COMPRESSED LETTERS, which are 
very narrow in width as compared to height, are used. When it is desired to spread 
s'* short title over a long space EXTENDXllI liETTERS, which are wider them 
normal, are used. The most legible and stable, appearance of capitals is secured by 
making the width about seven-eighths of the height (except I, M, and W). Letters 
also vary in the thickness of stroke in proportion to height. Those with heavy strokes 
are known as “bold-face*^ and those with narrow strokes as '‘light-face*' letters. * 

In making letters, one* must contend with certain optical illusions. Round 
letters, such as C, O, or Q, will appear to be smaller than square letters, such as E, F, or 
Z, if they are made exactly the same in height. This is true also of letters such as A 
and V which would appear to be too short at the pointed ends. In order to give the 
appearance of equal heights, the round or pointed ends of letters should be extended 
a little over the guide lines which limit the letters with square ends. If letters, 
such as E, H, or S, are to look well proportioned, their top and bottom halves should 
appear to be equal. This effect can be secured only by making the letters slightly 
narrower at the top than at the bottom, and by drawing the center lines slightly above 
the middle. This illusion will be quite evident if any printed, page is turned upside 
down and the letter S is observed. The point must be emphasized, however, that the 
corrections for these illusions are very small and that overdoing them is worse than 
overlooking them. 

Free-hand Single-stroke Lettering. — The term "single stroke” means that the 
width of a single stroke is the width of line used in making the letter, and "free-hand” 
means that no guiding instniments arc employed 
and the pen is used as in writing. This is the most 
commonly used lettering, and a knowledge of its 
construction is very necessary for any one who 
makes charts. The ability to letter well can be 
acquired by any one who has normal control of his 
fingers, who will practice faithfully, and observe 

carefully the shapes of the letters. There is no ^ , 

directrolationbetwoenone’Blettcringandbfehand- “*~tering. 

writing. Many good letterers write very poorly. 

In lettering, the pen should be held lightly, as in writing, and the strokes drawn 
with a uniform motion, with a light, even pressure on the paper. The stroke should 
be complete in itself and should not be sketched in or retraced. The nibs of the pen- 
should not spread. If a heavier line is d^ired, a coarser pen should be used. Hori- 
zontal guide lines should always be penciled in as an aid in making the tops and bot- 
toms of the letters even and straight (Exhibit 248). Other lines may be ruled in at 
random to aid in making strokes vertically or at a certain slant (Exhibit 248). The 

letters may be made directly in ink, although penciling is necessary in composition 

— • 

^ Manufactured by The Wood-Regan Instrument Company, Inc., South Orange, 
New Jersey, and distributed by the Eugene Dietzgen Company. New York. 
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A , — Vertical capitals. 
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C , — Inclined capitals. 
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O.— Inclined lower case. 

IboMiT 249««^Firee-haiic( intii^MtFoke letters. (From ** Engineering Drawing** bn 

Thatnaa E, FrencA.! 
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or laying out symmetrical titles. Vertical strokes should be made downward and 
horizontal strokes from left to right. 

Vertical Single -atroke Capitals. — The forms of these letters must be very carefully 
observed and should be made exactly as shown in Part A, Exhibit 249. . They are all 
made the same width except M, W, I, and the numeral 1. Cross lines are drawn 
slightly a^Qve the center, except for A and G and the figures 4 and 9, which are a 
little below. The sides of the letter M should be made parallel and not sloping as in 
an inverted W. A very important point to observe in making the letters B, D, P, 
and R is that the tops and bottoms are made mainly of horizontal strokes. Figures 
are made the same height as capitals and sometimes slightly narrower. The back- 
bones of the 6 and the 9 have the same curve as the cipher. 

Vertical Lower Case. — The alphabet of vertical lower-case letters is made as shown 
ir* Part B, Exhibit 249. These letters are all of the same width, except the seven 
letters, f, i, j, 1, m, t, and w. The bodies are made two-thirds of the height of capitals, 
with the ascending stems reaching the cap guide line and the descending stems reaching 
the same distance below (see upper part of Exhibit 248). The circle and parts of it 
combined with straight lines form the basis of the letters a, b, c, d, e, g, h, n, o, p, q, 
r, u, and y. # 

Inclined Capitals. — The inclined or slanting alphabet shown in Part C, Exhibit 249, 
is easier to make than the vortical, as a slight difference in inclination is not apparent, 
while a slight tendency from the true vertical is very noticeable. The inclination is 
generally made from 60 to 70 degrees to the horizontal. Special triangles are made for 
drawing these slope tines. Particular attention must be given to the inclined A and 
V in that a slope line drawn through the points of these letters should bisect the angles 
made by the two sides of the letters. The same kind of attention should be given 
to the angles in the letter W. The discussion in the preceding paragraph on vertical 
capitals applies equally well to the inclined capitals. 

Inclined Lower Case. — The inclined lower-case letters (Part D, Exhibit 249) are 
founded upon the straight line and the ellipse instead of the circle. In other respects, 
they are proportioned the same as in the vertical system. 

Spacing. — Definite rules for spacing letters cannot be laid down because of the 
varying proportions of the letters. An appearance of uniform spacing is a matter 
of artistic judgment and cannot be gained mechanically. If letters are spaced at 
equal distances along the guide lines, there will appear to be more space between 
letters such as AT or OC than between letters with parallel sides such as HN. To 
give the appearance of equal spacing, the minimum space should be used in such 
combinations as AT, AV, LY, or TJ, where part of one letter may even extend over 
part of another, while the maximum spacing should be used in straight side combina- 
tions such as HE, NB, or IK. A common mistake of beginners is making letters too 
narrow for their height and spacing them too far apart. 

Spacing between words varies with the effect desired, but should always enable 
one to read the words easily. In ordinary work, the space should appear to be about 
1 to times the width of the average letter used. 

It is very important to allow ample space between lines if the work is to be read 
easily. This space should be from } to 1} times the height of the capitals. The 
crowded appearance of chart lettering is often due to the fact that not enough space 
has been left between lines. 

In laying out a symmetrical title for a chart it usually is best to balance it on a 
vertical center line. The letters and spaces in the title are counted and then sketched 
in pencil, beginning each line with its middle letter at the center line. 

•Pasting on Printed Titles. — ^Very good results can be obtained, when making 
charts that are to be reproduced by a photographic process, by pasting on a title 
that has been set up and printed by the ordinary printing process. Several titles 
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can be set up and printed together at a small expense. Then these can be cut apart* 
and mounted in the proper positions on the charts. 

Typewriter Lettering. — ^The typewriter may sometimes be< used successfully 
in majdng certain kinds of small charts. There are not, however, enough differences 
in sizes of type on an ordinary typewriter to give the lettering the right proportions 
for the various titles, captions, keys, and references usually placed on gr 9 ,i>hic work. 
This situation may be improved somewhat by using special machines such as the 
Hammond Multiplex or by using two or more machines with different sizes of type, 
if they are available. Letters may be typed in various colors without changing the 
ribbon by using colored carbon papers. 
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A BASIC OUTLINE FOR INDUSTRIAL AND 
COMMERCIAL SURVEYS 

The outline for an industrial and commercial survey of a city, presented on the 
foHowing pages, indicates how statistical surveys can be and should be outlined 
before the actual work of collecting data is started. Not only should the survey 
itself be carefully thought through and outlined, but the sources to be used should 
also be listed in relation to the outline, as shown on pages 692 to 712, inclusive. 

The outline presented on the pages which follow is not only an example which 
can be used indirectly as a rc*ference in outlining a survey of practically any business 
statistics problem, but by making a few changes, it can be directly adapted and used 
in many instances in making such types of investigations as marketing analyses, 
factory-location surveys, analyses of the security back of investments, real estate 
appraisals, and studies of local business conditions. While the outline has been 
designed primarily to serve the broad purposes of a community or cooperative project, 
it will serve equally well as a basis for developing a special outline for the use of a single 
private firm. In preparing the outline, the intention was to make possible a choice 
between an intensive study of a subject of outstanding importance in the community 
and a more general study touching upon many subjects of potential interest for 
widely different purposes. It was also the intention to make the outline far more 
comprehensive than any survey that is likely to be made of a single city at any one 
time, and the details given are intended to serve as leads in stimulating thought toward 
the most profitable investigation that is suggested by the local situation, rather than 
to serve as an all-inclusive pattern. Consideration was also given to the many possi- 
ble compromises between a mere “desk study” of published material and a compre- 
hensive field survey.^ 

The detailed suggestions, which follow, will be presented in two sections: Section 
I — Factors to Be Covered; and Section II — Sources of Data. The numbering and 
lettering of the items in the outline of sources correspond directly to that of the outline 
of factors to be covered. 

SECTION I,~FACTORS TO BE COVERED 

The object here is to suggest an extensive list of important factors which might 
logically be included in an industrial or commercial survey of a city. Different pur- 
poses will require different arrangements and combinations of factors and differences 
in degree of detail. 


^ This outline (slightly condensed) is taken from “Suggestions for Use in Making 
a City Survey” (1938), by Ada Lillian Bush, Chief, Consumer Market Section, 
Marketing Research Division, Bureau of Foreign and Domestic Commerce, United 
States Department of Commerce. The complete work includes text material on 
planning, making, and using industrial and commercial surveys which will give the 
investigator many valuable suggestions on technique of survey procedure. 

eT'i 
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I. Historical Sketch. 

A. Origin. 

1. Date. 

2. Circumstances of first settlement. 

a. Nativity and other characteristics of settlers. 

b. Difficulties and accomplishments. 

B. Early development and factors influencing growth. 

1. Topographic and climatic influences. 

2. Trade routes and transportation. 

a. Rivers' and harbors. 

b. Canals. 

c. Overland routes. 

^ d. Railroads. 

3. Native resources. 

4. Power, initial sources. 

o. Water. 

6. Fuel. 

5. First market outlets. 

fi. Predominating human influences. 

7. Other important features. 

C. Type of city developed (industrial, commercial, educational, etc.) and 
analysis of reasons for that type of development. 

II. Location. 

A. Geographic position. 

B. Physical features pertinent to present-day industry and trade. 

1. Topographic influences (mountains, rivers, lakes, soil, etc.). 

2. Climatic characteristics. 

a. Temperature, mean average per month, etc. 

b. Rainfall, amount and seasonal tendencies. 

c. Other (relative humidity, sunshine, wind, fogs, storms, etc.). 

3. Scenic attractions (influencing tourist trade, etc.). 

C. Location in relation to — 

1. Important resources. 

a. Raw materials (see IV). 

i. Agricultural (crop productions, dairy products, etc.). 

ii. Mineral (kind, records of production, etc.). 

iii. Forest (available supply, commercial uses, etc.). 

iv. Other. 

5. Fuel resources (production requirements, coal, oil, gas, etc.), 

c. Water supply (in quantity and quality required in process- 
ing by many types of industries — source, reliability, etc.). 

2. Labor (see VII). 

3. Markets (consider facts under “Transportation Facilities,” XVI) 

a. Industrial (local, regional, national — relate to VI). 

6. Wholesale (relate to XII). 

c. Retail (relate to XIII). 

d. Export (principal commodity exports, etc.). 

D. Other (such other factors as have special significance). 

OL Population. 

A. Number of persons. 

1. Total in metropolitan area (a^ close an estimate as can be made for 
the corporate city and such extensions into the sunounding area 
as are covered by the curvey. See XIll £). 
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a. Male. 
h. Female. 

• • c. Number between eighteen and sixty-four years; and sixty- 

five years and over (classified as to sex). 

2. Total in corporate area. 

• B, Percentage of total for the United States, the county, or other area 
(such comparisons, if any, as may apply to the purpose of survey). 

C. Number of families. 

' 1. Total in metropolitan area. 

2. Total in corporate area. 

Z). Growth (steady — rapid) and status (established — transient). 

1. Total increase or decrease in population 1920-1930. 

2. Actual or estimated change in total population since 1930. 

3. Other trends (shifting of popiilation to suburban areas or such 
other internal and external movements as may be of significance; 
fundamental long-time tendencies). 

E, Composition. 

1. Race. • 

2. Native white. 

3. Predominating nativity of foreign-born. 

F, Literacy. 

G, Other (such additional characteristics as may be important to the 
local situation). 

IV. Materials Required by Industry (availability and cost factors, all important 
facts peculiar to the individual situation with such comparisons with other 
districts as apply). 

A. Raw materials (see II). 

B, Products of other industries (kinds readily obtainable; semi-manu- 
factured goods, equipment, supplies, etc.). 

V. Power. 

A. Sources. 

1. Purchased power from public utilities. 

2. Produced by individual enterprises for own use. 

o. Water. 

, 6. Steam. 

c. Internal combustion. 

d. Electricity. 

B. Rates and regulations. 

1. At time of survey. 

2. Changes within recent years. 

3. Changes provided for, or under consideration. 

4. Comparisons with other cities. 

C. Changes in local facilities for serving industry and commerce (all 
important changes on which information is available). 

Z>. Present favorable and unfavorable features of local facilities, from the 
point of view of the — 

1. Community. 

2. Supplier. 

3. Individual industries. 

B. Adequacy of supply to meet industrial growth. 

F. Other facts of importance with respect to the local situation (provisions 
insuring reliability off supply, etc.). 
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VI. Industrial Development. 

A. General production statistics and related factors. 

1. Nuniber of establishments. ' * 

' 2. Number of wage earners. 

3. Amount of wages. 

4. Cost of materials, fuel and purchased electric energy.* 

6. Value of products. 

6. Value added by manufacture. 

7. Horse power. 

8. Trends in — 

а. Total value of products. , 

б. Total number of wage earners. 

c. Total amount of wages. * 

’ 9. Percentage of total production in the United States, in the region 

or state (or such comparisons with other cities as may bo 
significant). 

10. Principal markets supplied (relate to XVI and II); percentage of 
materials bought from local sourefes and percentage of manu- 
factures sold to local agencies (if the local situation seems to 
warrant a direct inquiry to elicit factual data and this informa- 
tion is essential to consideration of the individual problem). 

11. Waste products (utilization, disposal facilities). 

B. Individual industries. 

1. Production statistics of each important industry now in operation 
(present volume of production in terms of number of units, value 

. of products, number of wage earners, etc., and trends within 

recent years; the national trend with respect to each industry — 
apparently over-developed or under-developed). 

2. Number and kind of important new industries locating in the 
city within the period covered by the last five biennial censuses 
of manufacture, or other period of interest (reasons for locating). 

3. Number and kind closed down or leaving the city to operate 
elsewhere within the period considered under B-2 (factual 
information concerning reasons, insofar as is possible). 

a. Seasonally. 

b. Temporarily (exclusive of normal seasonal closings). 

c. Permanently (obtain factual information concerning reasons 
for closing, insofar as possible). 

4. Names of important mdustries that have continued in operation 
over a long period of years (permanence ascribed to what factors). 

C. Other (such additional facts characterizing the local situation as may be 
essential to a comprehensive analysis of the present industrial status, 
the industrial advantages or disadvantages as compared with com- 
parable cities, recent trends, and future possibilities). 

Vn. Labor Situation. 

(Nora: 1938 legislation on regulation of hours and wages may affect the 
imix)rtance of items B and C as subjects of local study. Details of applica- 
tipn are not yet available.) 

A, Adequ^y of labor supply. 

1. Skilled, semi-skilled and unskilled. 

2. Male, femide. * 
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3. Resident^ transient, predominating nationality. 

, 4.^ Situation in surrounding territory (neighboring reservoir of labor 

from which to supplement local supply, if necessary; special 
conditions giving rise to this supply; type of labor available, 
such as unskilled farm hands, semi-skilled or skilled labor rosult- 
• * ing from neighboring shift in industry, etc.). 

5. Related factors (such as labor turnover, efficiency, training 
facilities). 

R. Wage scale, as compared with scale in — 

1. Each year of recent years. 

2. Similar cities, or the region in general. 

C. Laws and local regulations. 

1. Wages and hours. 

2. Labor conditions. 

3. Changes within recent years. 

D. Labor unions. 

1 . Organization and membership. 

2. Attitude toward each other. 

E. Relations between capital and labor (record as to strikes, etc. — results). 

F. Special local efforts to maintain satisfactory conditions (working, 
living). 

0, Other facts (such as the uninterrupted absence of labor troubles or the 
harmonious settlement of a well-known local controversy; recent 
improvements in methods of payment, etc.), 

Vin. Employment and Unemployment (closest possible estimates where speurifie 
data can not be made available). 

A. Number gainfully employed (exclusive of employees paid from relic^f 
funds). 

1. Total number in metropolitan area, by — 
o. Race (white, Negro, etc.). 

6. Nativity (native white, foreign-born white). 

c. Sex. 

d. Age (under sixteen years, between sixteen and twenty-one). 
2.. Total number in corporate area (by each group as classified under 

A-1). 

3. Gainful workers per family (average). 

4. Comparisons with other cities, surrounding counties, or with the 
United States as a whole (the most helpful comparisons depend 
upon the size, type, and location of the city and purpose of 
survey). 

R. Principal sources of employment (industrial plants, commercial estab- 
lishments, etc.), in the order of their importance in number employed. 

C. Recent trends toward increased or decreased employment, with respect 
to each principal source of employment (as concluded from such data 
for the current year and preceding years as are available). 

D. Unemployed employables (unemployed persons able to work) . 

1. Number of emergency workers (workers paid from relief funds — 
local, state, or Federal), with such breakdown as is possible by 
race, nativity, sex, age, and duration of unemployment 
^ 2. Number totally unemployed (exclusive of workers paid from relief 

funds), classifiei^ as suggested under Z>-1, in — 
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a. Metropolitan area. 

b. Corporate area. 

3. Number partially unemployed in — 

d. Metropolitan area. 

b. Corporate area. 

4. Percentage formerly employed in local — 

a. Industry. 
h. Wholesale trade. 

c. Retail trade. 

(Continued through all local sources of employment). 

5. Percentage never employed on a full-time basis in any local 

occupation because of — ^ 

a. Shprt time in city. 

5. Maturity reached during the depression. 

er Income derived from other than personal occupation. 

d. Physical disabilities now remedied, 

c. Other reasons. , 

6. Number by each type of ability (such as skilled and unskilled 
factory workers, carpenters, etc.). 

E. Other (such other facts as may be peculiar to the looal un employment 
situation). 

IX. Consumer Purchasing Power (estimated income in dollars, of individuals and 
families, considered in relation to cost of living). 

A. Wages, salaries, commissions, etc. and business income from occupation 
(with a breakdown if locally feasible by the following sources of 
income). 

1. Agriculture (such income as residents in the city may derive 
directly from the surrounding farm area). 

2. Mining (such income as may be derived from coal mining and 
other mining activities by residents of the city). 

3. Electric light and power, and gas. 

4. Manufacturing. 

5. Construction. 

6. Transportation. 

7. Communication. 

8. Trade. 

9. Finance. 

10. Government, including work-relief wages and excluding work- 
relief wages. 

11. Service. 

12. Miscellaneous (all other sources of wages, salaries, commissions, 
etc., and business income). 

B. Interest from savings accounts in — 

1. Banks. 

2. Postal savings. 

3. Other depositories. 

C. Net income from investments. 

' 1. Owned real estate. 

2. Stocks and bonds. 

3. Miscellaneous (royalties, shares in cooperative establishments, 
etc.). 
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D, Other (all other known sources of local income such as direct relief, etc.). 

E, Estimated per capita or per family income. 

F , Oistiribution of family income by size of income (relative number of 
families having incomes below $1000, $1000-$2000, etc.). 

O, Trends in income in recent years (general increase or decrease; increase 
» * or decrease in relation to changes in local cost of living; with respect 
to income from various industrial categories; for various types of 
income such as wages and salaries, investments, interest on savings, 
etc.; and in distribution of income by size of income). 

H, Comparisons with other communities or with the United States as a 
whole (general conclusions to the extent of such supporting data as 
may be obtainable). 

/. Peaks and levels (seasons or months during which local income is nor- 
mally highest; normally lowest). 

J. Pay-roll methods (gejieral analysis concerning, the relative proportions 
of full-time wage earners and salaried employees that are paid by the 
week, by the month, etc., and number of times in the current year when 
‘‘pay days” In factories and in other important employment-giving 
establishments can be expected to fall on a given Monday, Tuesday, 
or other day of the week, and on the first week, second week, or other 
week of the month). 

K, Other (other outstanding characteristics). 

X. Living Costs, Standards, and Conditions and Related Indexes of Consumer 
Use of Buying Power. 

A. Living costs (price trends on consumer goods). 

1. General average (as compared with other cities). 

2. Commodity prices, for food, clothing, etc. (average for year). 

3. Trends (comparisons with previous years sufficient to reveal 
general trends in local living costs). 

4. Other data on living costs (indicative of specific local advantages 
or limitations — afresh fruits and vegetables at reasonable cost, 
etc.). 

B. Family expenditures. 

1. Kinds of goods and services used (by consumers of the various 
income classes). 

2. Average expenditure for major purposes (estimated annual 
expenditures), by income classes. 

3. Comparisons (such comparisons with other years and other cities 
as are possible). 

4. Other data of special local significance. 

C. Housing (considered together with XI). 

1. Number of occupied dwellings. 

a. Percentage occupied by the owners. 

b. Distribution of home owners, by lower, middle, and upper 
income levels (estimates). 

c. Average value of owner-occupied dwellings; recent trends. 

2. Rent (average for year per dwelling unit) as compared with other 
cities; estimates, if possible, as to average rents paid by families 
of the various income classes, and as to trends in average yearly 
rent in relation to changes in family income. 

8. Light, heat, water, and telephone service. 
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a. Rates charged for home use; comparisons with other cities. 

5. Recent local changes in rates or service. ^ 

c. Other (additional points of special interest). ' 

• 4. Modern improvements in homes, situation with respect to — 

a. General adequacy of plumbing and heating facilities. 

5. Number of installed air-conditioning units. * < 
c. Other. 

5. Other data (such other data as may be essential to a true picture 
of the local housing situation). 

D, Related indexes of consumer use of buying power. 

1. Number of residence telephones. 

2. Number of registered automobiles. 

3. Number of domestic electric meters. * 

4. Number of families having radios. 

5. Circulation of newspapers, 

6. Circulation of magazines. 

7. Trends (items D-1 to D-6, inclusive). 

8. Other indexes (pertinent data are alio included under Banking,’’ 
“Retail Trade,” “Construction and Real Estate”). 

9. Comparisons (1-8) with other cities; and with previous years 
(sufficient to indicate trends in total increase or decrease, also 
trends in terms of relationship between increased or decreased 
population). 

E, Other data pertinent to the local situation. 

XI. Construction and Real Estate. 

A, Construction (by kinds of business, Census classification: general con- 
tractors for building, highway, and heavy construction; special trade 
contractors, such as carpentering, concreting, electrical, excavating, 
heating and plumbing, roofing, and sheet metal, etc.). 

1. Number of contracting establishments. 

2. Value of work performed (dollar volume for year). 

3. Number of active proprietors and firm members. 

4. Number of employees (average for year). 

6. Pay rolls (dollar volume). 

6. Cost of materials, brick, cement, lumber, steel, and all other 
materials (actual or estimated dollar volume for year). 

7. Comparison of local construction costs with other cities, where 
comparable information is available. 

' B. Building permits (total number for year and dollar value). 

1. Residences. 

a. One-, two-, and three-family units (by cost groups). 

&. Apartments. 
c. Hotels. 

2. Office buildings, retail stores, etc. 

3. Industrial structures (factory buildings, etc.). 

4. School buildings, churches, theaters, municipal buildings, etc. 

5. Other (comparisons with other cities, etc.). 

C, Demolition and conversion permits (with such breakdown as is impor- 
tant). 

D, Number of vacant buildings by areas in the city (clasisified as to resi- 
dences of the vatious types, office buildings, manufacturing plaAts, 
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etc. Data on general condition of vacant buildings sufficient to indi- 
cate relationship to construction needs). 

E. Building regulations, local and state, affecting local building acclivity 
(zoning, etc.). 

^ F. Trends in local construction (as indicated by such statistics for preced- 
ing years as are available). 

O. Number of real estate firms, average number of employees for the year, 
actual or estimated total wages and salaries paid. 

H, Real estate sales, mortgages, etc. (for latest year of record; compari- 
sons with preceding years sufficient to indicate general trends). 

1. Number of sales and dollar value of property sold. 

2. Number of mortgages recorded and total amount of mortgage 
debts. 

3. Number of foreclosures. 

/. Real estate taxes (details to supplement general data under Municipal 
Administration,” XXVII). 

J, Rent (conside’ied under ” Housing,” X-C). 

K, Real estate prices (general trend during recent years). 

L. Supply of improved and unimproved properties (for home building, 
industrial and commercial expansion; available plant site close to 
railroad, river crossing, and such other special features as should prove 
of interest to industries of the types for which the city is suited). 

M. Other (such additional facts on construction and real estate as are of 
special importance to the community). 

Xn. Wholesale Trade. 

A. Number of establishments. 

1. Total (all establishments operated by ” wholesalers” as defined 
in the latest census of business). 

2. By types of operation. 

а. Full-service and limited-function. 
h. Manufacturers’ sales offices. 

c. Bulk-tank stations (independents and chains engaged pri- 
marily in the storing and wholesale distribution of petroleum 
products). 

d. Agents and brokers (“middlemen” such as auction com- 
panies, merchandise brokers, commission merchants, etc.). 

б. Assemblers (cream stations, cooperative marketing associa- 
tions, grain elevators, and other buyers and sellers of farm 
products on a wholesale basis). 

3. By kinds of business (grocery, drug, etc.). 

a. Independent. 
h. Chain. 

B. Employment. 

1. Total number employees (average for year). 

2. Number employees in each kind of business (average for year). 

3. Seasonal tendencies. 

C. Pay rolls (total for year). , 

1. Part-time. ^ 

. 2c, Pull-time. "" 

• AiSalseis.;. 

1. Total (dollar volume for. yaar). . 

2. By kinds of business (dollar volume for year). 
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3. Seasoiutl tendencies in sales volume. 

E, Local regu^tions. c • 

, F, Number and kind of new establishments between the period covered 
by the ^t census of business and that covered by the preceding 
census, or during some other recent period for which comparable records 
may be available. 

0, Business failures within the period referred to under XII-F. 

H, Other facts (special characteristics affecting wholesale distribution 
through local establishments, such as recent trends toward cooperative 
wholesaling or other developments of importance). 

/. Iipportance of the city as a wholesale trading center (if the city is not 
itself an important wholesale center, relate this subject to significa^it 
facts under Location” with respect to wholesale markets, item 
11-2-6). 

Xm. Retail Trade and Metropolitan Shopping Area. 

A, Retail trade. 

1. Number of establishments. «. 

а. Total (all types and kinds of retail outlets in the city). 

i. Independent. 

ii. Chain (national, sectional, and local). 

iii. Other. 

б. By kinds of business (grocery, drug, etc.). 

2. Employment. 

а. Total number employees (average for year). 

б. Number employees in each kind of business. 

c. Seasonal tendencies. 

3. Pay rolls (total for year). 

а. Part-time. 

б. Full-time. 

4. Sales.. 

fi. Total (dollar volume for year). 

6. By kinds of business (dollar volume for year). 

c. Per capita sales. 

d. Comparisons with comparable data. 

i. In pr^eding censuses. 

ii. For other cities. 

e. Seasonal tendencies in sales volume. 

5. Approximate capitalization, or size of leading stores (if a par- 
ticularly important local feature). 

6. Store operating expenses (such comparisons with other cities as 
may be possible). 

7. Uniformity of store policies (with respect to credit, retumed- 
goods, advertising, frequency of deliveries, etc.). 

8. Attitude of principal stores toward each other (generally coopera- 
tive or otherwise, as indicated by membership in local organiza- 
tions, such as chamber of commerce, retail credit association, or 
other credit agency, etc.). 

9. Local regulations. 

, . * 10. Store locations in geneml with respect to shopping areas (down- 

to^, suburban, etc.) in relation to trends in population within 
the city and oonv^enee tD»eon8um6r8. 
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11. Number and kind of new establishments between the period 
covered by the last census of business and that covered by the 

* • preceding census or during some other' recent period for which 

comparable records may be available. 

12. Number of business failures within the period referred to under 

» • item XIII-11. 

13. Other facts (such as principal wholesale sources of locally retailed 
foods, clothing, and furniture, if the local situation seems to 
warrant a direct inquiry on this point). 

B. Metropolitan shopping area. 

1. Ck)nsumer buying radius” in square miles as indicated by 
such measures as density of population in suburban areas (census 
method), extent of the city’s newspaper distribution, retail store 
deliveries, use of city’s internal transportation facilities, etc. 

2. Suburban-customer patronage of downtown stores (extent of). 

3. Patronage of local stores by consumers from other cities (extent 
of). 

4. Other infportant considerations. 

XIV. Buying Habits of Local Consumers. 

A. Proportion of cash purchases to total purchases; comparisons with 
other communities; apparent trends with respect to instalment 
buying. 

B. Apparent general preferences as to shopping hours of the day, days of 
the week, and time of the month (refer to IX-/). 

C. Buying in other cities by local consumers. 

1. Estimated percentage (of total purchases) bought in other cities. 

2. Classes of goods most frequently bought in other cities. 

3. Names of cities from which goods are frequently purchased. 

4. Recent trends in connection with extent of outside bu 3 dng. 

D. Other important characteristics (applying to an analysis of why trade is 
lost to or gained from competing communities). 

XV. Service Establishments, Hotels, Places of Amusement. 

A. Service establishments, by kind of service (Census classification — 
Personal Services: Barber shops, beauty parlors, cleaning shops, etc.; 
Business Services: Adjustment and credit bureaus, collection agencies, 
dental laboratories, window cleaning services, etc. ; Repair Services, and 
Custom Industries: Automotive repairs and services, parking lots, radio 
repair shops, printing and publishing shops, etc.; Miscellaneous 
Services: Typewriter and rental shops, designers’ establishments, and 
such other services as can not properly be classified under any of the 
other service groups). 

1. Number of establishments (recognized places of business). 

2. Number of employees (average for year). 

3. Pay rolls (dollar volume for year). 

o. Full-time. 
b. Part-time. 

4. Receipts for the year (in cities covered by Census reports, at 
least). 

5. Seasonal tendencies of importance. •• « 

6. General trends within recent years (in number of employees and in 

* - other respects suggested by the local situation). 
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« 

B. Hotels. 

1. Number of hotels; date of establishment, size, and -other general 
desoription of principal hotels. * ' 

2 to 5. (As suggested for A-2 to 5 inclusive.) 

6. Rates. 

a. Current rates (in principal hotels). ‘ i 

h. Recent trends. 

c. Comparisons with rates in comparable cities. 

7. Recent general trends in volume of business. 

8. Number of first and second class hotels closed within recent years. 

9. Other facts of significance (convention facilities, see XXI-A; etc.). 

C. Places of amusement (amusement parks, athletic fields, bathing 
beaches, billiard and pool parlors, dance halls, skating rinks, theatel^, 
other important amusement places). 

1. Description of principal places. 

2 to 5. (As suggested for A-2 to 5, inclusive.) 

6. Recent general trends in volume of business. 

7. Other facts of importance to the cotiimuniiy. 

XVI. Transportation Facilities. 

A, Railway. 

1. Number and names of railways serving the city. 

2. Passenger traffic. 

a. Number of trains daily (convenience as to time schedule). 
h. Outgoing. 

i. Average number passengers (per day, week or month). 

ii. Important destinations (points to which largest 
number of tickets are sold). 

iii. Seasonal tendencies, 
c. Incoming. 

> i. Average niunber passengers (estimated), 

ii. Seasonal tendencies. 

3. Freight traffic. 

a. Total number of trains daily (convenience as to time 
schedule). 

b. Number of through trains daily (direct routes to markets). 

c. Number of freight yards. 

i. Yard-track miles. 

ii. Industry-track miles (sidings adjoining plants). 

d. Volume of freight handled (in carloads or tons). 

i. dJomparison between estimated volume of incoming 
and outgoing freight. 

ii. Other facts bearing on economical accessibility to 
markets (freight comparisons — ^preferential and non- 
preferential rates to principal points, etc.). 

e. Number of stations for each railway. 

/. Extent of ^*pick up and delivery” freight service. 

4. Freight warehouses. « 

a. Number. 

, . b. Capacity. 

c. Ownerslffip (railway-owned, etc.). 

6. Additional data indicating special or unusual facilities. ' 
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6. Important developments or changes within recent years. 

7. General trends in volume of business (passenger and freight). 

8. ^Other facts significant of the local situation (ti^avel time to 
important points, etc.). 

B. Water. 

1. Number and names of lines. 

2. Markets served and frequency of service (by ocean, lake, river, 
and canal). 

a. Domestic. 

i. Name of markets. 

ii. Number of sailings to each port (during week, month, 
or other specified period). 

b. Foreign (name of markets — number of sailings to each port). 

i. Direct to foreign markets. 

(a) Under American flag. 

(h) Under foreign flags. 

ii. Indirect to foreign markets (by ti;ansshipment at other 
ports, domestic or foreign). 

3. Volume of trade. 

а. Outgoing. 

i. Domestic. 

ii. Foreign. 

б. Incoming. 

i. Domestic. 

ii. Foreign. 

c. Terminal facilities and service. 

i. Number of piers^ — number of berths, dry docks, etc. 

ii. Warehouse facilities. 

(a) Number of bonded warehouses. 

(b) Special data (such as capacity, ownership, etc.). 

iii. Lighterage facilities. 

iv. Port development, not elsewhere specified (data such 
as depth of water, bunker-coal supply, fuel-oil supply, 
fresh water supply, anchorage facilities, and other 
local developments of importance to shipping com- 
panies). 

V. Customs house, 
vi. Foreign consul service. 

4. Other data of importance. 

5. Important developments or changes within recent years. 

6. General trends in water transportation (volume of business, etc.). 

C. Air service. 

1. Ownership or control. 

2. Localities served. 

a. Directly (without change of planes). 

b. Travel time to important points. 

3. Frequency of flights. 

a. Mail, express, and passenger. 

b. Approximate volume of traffic. 

i. Outgoing. 

ii. Incoming. 
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4. Airport (city’s accessibility to) and other special facilities (such 

as lighting, radio communication, weather reporting, public con- 
veniences, etc.). " 

5. Important developments or changes within recent years. 

6. General trends (in volume of business, etc.). 

7. Other important facts. ' * 

Z>. Highway transportation. 

1. Principal highways (entering and leaving the city — U. S. and 
state highways by number). 

a. Primary (main interstate routes). 
h. Secondary and county. 

c. Condition of road suifaces. 

d. Extent of road improvement within recent years. 

e. Other features of importance. 

2. Motor bus and truck service (intercity, interstate, etc.). 

a. Number and names of companies. 

. i. Number of units in operation (total or by each 
company, number of ' routes covered, mileage, 
etc.). 

ii. Cities served by each line (points on routes of particu- 
lar importance to the city that is being surveyed). 

iii. Number of daily or weekly trips. 

iv. Approximate volume of freight handled (tons). 

(o) Outgoing. 

(6) Incoming. 

• V. Average, number of passengers carried (estimated, per 
week or month). 

(а) Outgoing. 

(б) Incoming. 

b. Special terminal facilities. 

c. Recent trends (volume of passenger and freight business to 
and from the city, etc.). 

3. Important developments or changes (equipment, service) within 
recent years. 

4. Other facts of importance. 

E. Electric car service (intei:urban). 

1. Number of lines (passenger, freight, or both). 

a. Cities serviced by each line. 
h. Number of daily or weekly trips. 

2. Average volume of busings (per day, week, or month). 

a. Passenger. 

b. Freight. 

3. Recent trends. 

' 4. Other data of local importance. 

F. Pipe-line facilities (for transporting of oil, gas, etc., to or from the city). 

1. Number and names of lines. . 

2. Cities served , by each line (points of particular importance to 
the city that.is being surveyed). 

a. Gathering (iines). 

, k Trunk. 

8. Gapaoity. , . . J . 



APPENDIX IV 


686 


4. Products carried (fuel oil, gas, etc.). 

, Volume of shipments (to and from the city) 

6. Developments within recent years. 

O. Comparisons (if pertinent to local problems) between types of trans- 
portation facilities serving the city, as to — 

1. Rates (passenger and freight). 

2. Convenience. 

3. Trends toward increased or decreased business within recent 
years. 

ff. City's internal transportation facilities. 

1. Street-car service. 

a. Ownership (public dr private). 

b. Average daily numljer of passengers. 

c. Number miles of track or route. 

d. Routes, from the point of view of best service to the city, 
c. Rates (of fares). 

/. In^)ortant developments or changes within recent years in — 

i. Service. 

ii. Rates. 

iii. Type of equipment. 

iv. Average daily number of passengers (general trend 
toward increase or decrease). 

g. City regulations. 

h. Other (special features of the local situation). 

2. Bus lines (same points as for street-car service). 

3. (Cooperative delivery service (or other special merchandise 
delivery facilities for serving the city). 

4. Other facilities of importance (taxicab service, etc.). 

/. Other (all other significant facts concerning transportation facilities 
in relation to present and potential requirements). 

XVn. Public Warehousing. 

A. Statistics by kind of warehousing establishments (household goods, 
general merchandise, farm products, cold storage, other). 

1. Number of warehouses, 

2. Storage rates for principal commodities. 

3. Number of employees (average for year). 

4. Pay rolls (dollar volume). 

5. Revenue (estimated total for yealr, all warehousing establish- 
ments). 

6. Total local revenue and employment as compared with totals for 
the region in which the city is located (New England, Middle 
Atlantic,* etc.) or such other helpful comparisons as may be 
possible. 

7. Recent changes in number of warehouse establishments through 
firms going out of business or new warehouses established. 

8. Adequacy or inadequacy of present public warehousing facilities. 

B. Seasonal tendencies in warehousing (month or months with highest 
dollar volume of business, lowest dollar volume; largest number of 
employees, smallest number of employees, etc.). 

C. Gteneial trends in volume of business within recent years. 

Z>. Other facts of impqrtance. 
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XVm. Banking and Finance, Insurance. 

A, Banks. , , 

1. Names of principal banks, dates of establishment, and description 
of each as to kind: national, state, private, mutual savings, 
industrial (including Morris Plan), Federal Reserve, Joint Stock, 
Land, and foreign banking agencies; also classified as to *^unit” 
and ^'branch banks’* (Census definition). 

2. Total number of banks. 

3. Employment and pay rolls (for year). 

а. Average number of executives (including presidents, vice- 
presidents, cashiers, assistant cashiers, assistant treasurers, 
and chairmen of boards of directofs if actively engaged on, a 
salary basis). 

б. Average number of other employees. 

c. Total salaries and wages, bonuses, and all other payments to 
officers and employees (dollar volume). 

4. Rank of the largest bank in relation ip other banks in the Federal 
Reserve district, state, etc. (or other helpful comparisons). 

5. Bank deposits (number of accounts and dollar volume for year). 

a. Demand. 

. 6. Time. 

6. Total loans and discounts (dollar volume for year); total assets. 

7. Interest rates. 

B. Financial institutions other than banks (security brokers and dealers, 
Federal savings and loan associations, state building and loan associa- 
tions, instalment finance companies, personal finance companies, 
mortgage and farm companies, and miscellaneous, such as commodity 
exchange, bank clearing house, etc.) 

1. Description of important institutions. 

2. Employment and volume of business for the year of all such insti- 
tutions. 

C. Insurance and brokerage offices (identifiable as business establishments 
in the city). 

1, 2. (Same information as suggested under '^Financial institutions 

other than banks. ”) 

D, General. 

1. Total loans through all locally established financial institutions 
(dollar volume for year); or sufficient data to indicate the trend 
toward increase or decrease. 

а. Loans to business firms or other busine^ organizations. 

б. Loans to individuals or families. 

. 2. Comparisons, if pQssible, to show the general trend in interest 
rates, employment, volume of business and business failures, in 
local banking, finance, and insurance institutions. 

^ ' * 3. Other (such additional information as may be of significance in 

considering the Ipcal situation, particularly with respect to 
abilities and inclinations of banks to extend credit to industrial 
and comipercial, ^terprises. Trends in total dollar volume of 
• savings accounts) ^ 

XXX. ProfeMional. Service (phyldciens, dentists, lawyers, etc.). , 

A. Number engaged in professional.wolk (other, than, teaching) by — 
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1. Kind of profession. 

2. Sex. 

* B, Revenues (for year) estimated, or known income from professional 
work. 

C. Employment and pay rolls (for year). 

t • 1. Number of employees (office assistants, etc.). 

2. Salaries and wages (dollar volume) 

D, Comparisons with other years of record, sufficient to indicate trends 
in average fees charged and trends in the relation between available 
service and local requirements in each field. 

. E, Other important data. 

XX. Newspapers, Raj^io Stations. 

A, Newspapers. 

1 . Names of papers. • 

а. Dailies (classified as to morning, evening, other and as to 
Democratic, Republican, Independent, etc.). 

б. Weeklies. 

2. Revenues from — 

а. Subscriptions. 

б. Newsstand sales, 
c. Advertising. 

3. Employment and pay rolls (for year). 

a. Number executives, contributors (average). 
h. Number other employers (average), 
c. Salaries and wages (dollar volume). 

4. Largest circulation area (square miles covered by routes). 

6. Important changes or trends within recent years. 

a. Amount of increase or decrease in largest circulation area. 

b. N\imbcr and kind of papers added or discontinued. 

c. In equipment. 

d. Advertising rates and volume. 

c. Activities and influence (cooperation on local surveys, 
charity drives, etc.). 

6. Other significant features (such dates of establishment as are of 
interest, etc.). 

B, Radio stations (essential details as to names of stations, ownership 
and employment, revenues and wattage; and significant trends as to 
importance as an advertising medium, etc. Any additional details 
suggested for newspapers that apply to the community’s radio 
facilities). 

XXI. Expositions, Fairs, and Conventions. 

A. Local facilities (consider convenience and adequacy of assembly places 
and equipment; all other local features that may appreciably influence 
patronage: see XV-R-9), 

B. Nature of assemblies (annual, occasional or permanent expositions, 
fairs, trade shows, etc. of importance to the community considered 
from the angle of employment, revenue, type, and extent of out-of- 
town patronage, advantages to business and industry, etc.). 

C. Other (allocation of responsibility for attracting conventioqgi^xtent of 
general cooperation within the community, etc.; see, also, 5rVl-A-2 
and jy). 
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XXII. Industrial and Commercial Associations (chambers of commerce, commodity 

and technical associations, grain exchanges, etc.)* 

A, Names of all associations and institutes having withiSi the city dn estab- 

, lished place of business, classified as to national, regional, state, 

or local, and by nature of service. 

1. Local membership (generally representative of the local* business 
or industry served, or limited in representation). 

2. Number employed (average for year). 

3. Pay rolls (dollar volume for year). 

B. Effectiveness (of organizations concerned with local conditions). 

1. As aid to established local business and industry. 

2. In advancing harmonious and coopora^ve relations with neigh- 
boring communities. 

3. As factual authorities concerning the kinds of new industries and 
business establishments desirable from the point of view of suc- 
cessful development of each industry and of the community as a 
whole. 

4. In promoting the location of suitable! industries and commercial 
establishments and in discouraging potential industries under 
conditions of limited opportunity. 

XXm. Universities and Other Institutions (state, county, etc., having appreciable 
enrollments from other communities; other schools are covered under 
XXVIII). 

A. Universities, colleges, academies, and all other educational institutions 
drawing a transient population. 

1. Description of each important institution; date of establishment; 
special features attracting a student population, etc. 

2. Enrollment. 

a. Total for year. 

i. From local population. 

ii. From other, communities. 

iii. By age groups (sufficient to indicate predominating 
types of consumers brought in through these institu- 
tions). 

Total for month of highest enrollment, 
c. Total for month of lowest enrollment. 

3. Revenue (dollar volume for year). 

а. Tuition fees. 

б. Other (classified as to sources). 

4. Recent trends in enrollments and revenue. 

5. Economic importance of these educational institutions. 

a. Employment and pay rolls (for year). 

i. Number of teachers and administrators (average). 

ii. Number of other employees by types of employment 
(average). 

iii. Pay rolls (total dollar volume). 

b. Estimated expenditures within the metropolitan area for 

^ supplies, service, and materials necessary for operation 

(doUar volume for year). 

e. Estimated total expenditures within the metropolitan area 
(exclusive of expenditures going to the institutions) of thb 
enrolled individuals, indra^ from other communities. 
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6. Other significant data (capacity in relation to 'trends in enroll- 
ments, etc.). 

B. Federal, state, or county hospitals, asylums, etc. (all other than educa- 
tional institutions largely subject to enrollments from outside the 
city). 

1, 2. (Same type of data suggested under A-1 and -4-2.) 

3. Employment and pay rolls (for year). 

a. Number of administrative officials and professionals (aver- 
age). 

h. Number of other employees, by types of employment 
(average). 

c. Pay rolls (total dollar volume). 

4. Revenue (for year) classified by sources. 

5. Estimated total expenditures within the metropolitan area for 
supplies, services, and materials necessary for operation (dollar 
volume for year). 

6. Other significant data (capacity in relation to trends in require- 
ments). 

XXIV. Federal, State, or County Government Establishments (for a state capital or 
county seat, such special establishments and facilities as contribute important 
activities to this type of city). 

A. Description of each important activity and establishment; significant 
details as to extent of employment and pay rolls for year, extent of 
permanent and transient population brought to the community through 
these activities; consumer characteristics of this population; architec- 
tural features of buildings; etc. 

B. Recent changes or trends of importance. 

XXV. Other (all other types of establishments and special features that tend to 
contribute to the community’s employment, purchasing power, and consump- 
tion) description of each, and significant details as suggested under XXIV. 

XXVI. Summarization of Principal State and Local Laws and Regulations (affecting 
industry and commerce and consumer purchasing power). 

-4. Taxation. 

1. Enumeration of state and local laws and regulations providing for 
the levying of fees; franchise taxes, business privilege taxes, 
and other direct taxes, against commercial and industrial corpora- 
tions, companies, etc., located in the city; also taxes and special 
assessments on real and personal business property. 

2. Enumeration of state and local laws and regulations providing for 
the levying of direct taxes against individuals and families residing 
in the city; also taxes on real and personal property (other than 
business property). 

3. State and local excises and other indirect taxes. 

4. Recent trends in tax legislation. 

B. Incorporation, and registration of individuals using firm name (require- 
ments and cost). 

C. Labor laws and regulations with respect to — 

1. Hours and wages. 

2. Unions. 

3. Other labor factors. 

* 4. Factory laws. 

5. Recent trends in labor legislation. 
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D. Banking and credit. 

E. Insurance (restrictions, rates, etc.). 

F. Zoning. 

. O, Traffic (intra-city motor-truck regulations, etc.). 

H. Local laws regulating competition; other important regulations. 

/. All important recent trends in legislation not covered abdv'e under 
individual subjects or included under item XXVII. 

J. Recent court decisions of particular importance to the locstl situation. 

K. History, of local taxation with respect to efforts to avoid excessive 
taxing of industry as compared with taxes in other communities within 
the geographic region (such as efforts toward self-sustaining improve- 
ments where feasible, consultation with large tax-paying industries 
preliminary to planning improvements involving heavier taxes, etc.). 

XXVn. Municipal Administratibn and^Related Data. 

A. Form of city government (mayor-council, commissions, council-man- 
ager, town-meeting); comparison with form in comparable cities. 

1. Internal organization and personnel. 

а. Departments, boards, and commissions (organization chart 
or other enumeration of data showing the government set-up; 
departments; number and purpose of all boards and com- 
missions and how members are selected; what chief municipal 
officials are elected by the people, what officials appointed 
by the mayor or city manager). 

б. Number local government employees (total for year; esti- 
mated number part-time employees) classified as to adminis- 
trative officials and others. 

c. Salaries and wages paid from city funds (total for year). 

d. Trends in pay rolls; personnel lay-offs" and salary cuts, 
etc. 

2. Recent changes of importance in municipal administration (such 
as' changes in administrative organization; personnel administra- 
tion; financial planning; municipal budgeting; municipal account- 
ing; public purchasing policies; municipal powers — recent 
legislative enactments limiting or increasing municipal powers; 
city planning and zoning provisions; ordinances relating to retail 
trade; provisions relating to playgrounds and recreation, and 
public welfare; police administration, public works, schools and 
education, public libraries, judicial administration, etc.). 

B. Financial statistics. 

1. Revenue receipts for the year, classified as to source (general 
property taxes; special property and other special taxes; poll 
taxes; license taxes; special assessments; fines, forfeits, and 
escheats; grants in aid; donations; pension assessments; highway 
privileges; rents and interest; earnings of general departments; 
earnings of public-service enterprises, etc.). 

o. Total. 

h. Per capita. 

2. Payments for operation, for the year (including salaries and wages 

cr' rr of personnel) classified as to object of payment (such as general 

c government; protection to person and property; conservation of 

health; sanitation; highways; charities, hospitals, and corrections; 
^ education; recreation; miscellaneous). 
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a. Total. 
h. Per capita. 

3. * Total gross debt (at year-end of accounting — classified as to 

character of obligations, such as funded or fixed, special assess- 
ment bonds and certificates, and revenue notes); “net indebted- 
• ness”; or such other classification of debt obligations as will 

adequately describe the city government financial situation. 

4. Difference between total revenue receipts and total payments for 
operation in terms of excess or deficit (for the latest year of record). 

5. Trends in municipal debt; comparison with other cities. 

6. Financing relief and recovery. 

а. Methods used. 

б. Trends in number receiving relief from public funds (com- 
parisons for recent ]^cars of record). 

7. Comparisons with other (nties. 

8. Recent economies effected in local government. 

C’. Taxation (by kind of taxes: real estate, poll, income, license, etc.). 

1. Currem? rates, also comparisons with previous years sufficient to 
indicate trends; comparisons with comparable cities. 

2. Total assessed value of all taxable real estate. 

3. Total delinquent taxes for the year (by kind of taxes); total 
accumulated delinquent taxes. 

4. Other facts of imiK>rtance. 

D, Utilities owned and operated (data as to kind and importance of each 
activity). 

E, Number of registered voters (comparisons with number registered 
during preceding years of record). 

F, Other facts of significance. 

XXVUI. Civic, Social, and Related Facilities and Activities. 

A, Clubs, lodges, social service agencies, etc. — general data as to — 

1. Principal organizations. 

2. Nature and importance of influence in the community. 

3. Clubhouses and other facilities. 

B, Churches (number, classified by denominations of membership). 

C. Schools (exclusive of “Universities and other institutions” under 

XXIII). 

1. Number, classified as to type (grade, high schools, public, private, 
parochial, etc.). 

2. Recent trends in enrollment. 

3. Adequacy of buildings and other facilities. 

4. Recent trends in public school development (general situation; 
salary scale of teaching force in public schools; such comparisons 
with other cities as may be helpful). 

5. Other facts indicative of educational developments. 

D. Library facilities (number and kind — ^public, private, special; ade- 
quacy). 

E. Theaters, motion-picture houses, etc. 

F, Playgrounds and parks (description of existing facilities, as to location, 
size, accessibility, recent improvements, adequacy or inade^ms^). 

1. Play lots, for children of pre-school age. 

* 2. Neighborhood playgrounds, for children up to fourteen years. 
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3. District playiieldsi for active play of people over fourteen years. 

4. Athletic fields, for organized sports. 

5. Small neighborhood parks, for passive recreati<i»n. * 

6. Large parks, for passive recreation. 

7. Reservations (large parks left in natural state). 

G, Other recreational facilities (golf courses, fishing and hunting facilities, 
etc.). 

H. Special facilities (central garage, community market, etc.). 

/. Relief facilities. 

1. Community chest or other local provisions. 

2. Recent trends in the local relief situation. 

/. Health and safety facilities and conditions. 

1. Hospitalization and medical care. * 

a. Description of hospital facilities (other than state, county, 
etc. under XXVIII). 

h. Provision for free clinics, etc. 

c. Recent trends in rates to patients, developments in service 
and facilities. * 

2. Vital statistics (birth and death rates for year; facts sufficient 
to indicate trends over a period of years; comparisons with other 
cities). 

3. Water for domestic use (source, adequacy of supply, and quality; 
recent trends in rate scale to consumers). 

4. Sewage and garbage disposal. 

6. Fire protection (adequacy, details as to water pressure, placement 
of hydrants, etc.). 

6. Police protection (adequacy, details as to measures taken to 
safeguard the community). 

7. Traffic and parking regulations (recent trends toward increase or 
decrease in traffic accidents); essential details not included under 
XXVI. 

8. Sanitary promotion (measures taken to safeguard the public from 
unsanitary conditions in public eating places, beauty parlors, 
barber shops; requirements as to care in the wholesaling and 
retailing of perishable goods, etc.). 

K. Other important civic and social features. 

L, Recent civic and social changes or trends of outstanding importance. 

XXIX. Important Physical Facilities and Special Features not elsewhere described 

(number . miles or blocks of pavement, lighted streets, etc.; boulevards, 
water front, bridges, etc.). 
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SECTION n.— SOURCES OP DATA 

The listings given in this section are numbered and lettered to indicate at what 
point each of the various informational items apply to major subjects and sub-hcfadings 
enumerated in the outline under Section I.^ 

I. *£tbtorical Sketch. 

A-1 and 2. American Guide Series. List of published guides available 
, from Federal Writers' Project, Works Progress Administra- 

tjion, Washington, D. C. (As of early 1938, 150 city, state, 
and regional guides had been printed by private publishing 
houses. Other reports in process.) 

, * Local authorities® including oldest inhabitants, encyclopedias, 

and historical references in local libraries, newspapers, ciiy, 
county, state, and Federal governmental records. 

BA. American Guide Series. 

State Maps, Geological Survey, U. S. Department of Interior. 
(Includes details of topography.) Available from U. S. Depart- 
ment of Interior, Washington, D. C. Prices from 25 cents to $1. 

“Climatic Summary of the United States" (by areas). Weather 
Bureau, U. S. Department of Agriculture. Superintendent of 
Documents, Washington, D. C. Price $5. (Reports for indi- 
vidual areas, price 10 cents.) 

“Atlas of American Agriculture," 1936, Bureau of Agricultural Eco- 
nomics, U. S. Department of Agriculture. Superintendent of 
Documents. Price $17. 

2. American Guide Series. 

^^Map of the Principal Waterways of the United States." Army 
Engineer’ Corps, U. S. War Department. Available from U. S. 
War Department, Washington, D. C. Free. 

Port Scries and Lake Series. Army Engineer Corps, U. S. War 
Department. (Separate report for each port.) Superintendent 
of Documents. Prices vary from 25 cents to $2.25. 

Ix)cal authorities (keepers of township and county historical records, 
newspaper files, etc.). 

3, 4, 5, 6, and 7. American Guide Series. 

Local authorities (oldest inhabitants, local historical 
records, etc.). 

C. American Guide Series. 

Local authorities (city officials in charge of departments, surveyor’s 

personal check and analysis). 


^ The purchase price and source are indicated the first time reference is made to a 
publication. Prices listed refer to prices on publications available as of July 1938. 
Prices on later editions treating the same subjects may vary in price and not be 
identical in title. 

* This reference and subsequent references to local authorities are given as possible 
sources of information when published material applicable to the subject is not known 
to exist or may be inadequate for local purposes. If information for the individual 
city is not available from outside, publications and has not been collecte5*by some 
* local organization, the investigator will necessarily choose between not including the* 
subject in his study or covering St through a field survey. 
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n. Location. 

A. State Maps, Geological Survey. , 

Port Series and Lake Series, Army Engineers Ck>rps. 

. “ Map of the Principal Waterways of the United States.” Army Engi- 

neers Corps. 

” Atlas of American Agriculture.” 

United States atlases issued by private publishers. Available for 
reference in public libraries. 

B-1. State Maps, Geological Survey. 

” Atlas of American Agriculture.” 

2. “Climatic Summary of the United States.” 

” Atlas of American Agriculture.” , 

3. American Guide Series. 

D 

Local authorities (personal observers, managers of tourist offices, 

offices of city departments, etc.). 

C-l-a. Census of Agrievlture^ 1935. Bureau of the Census, U. S. Depart- 
ment of Commerce. (Statistics by Counties.) Superintendent 
of Documents. Three volumes, price $6.75. 

Atlas of American Agriculture” (soil formations). 

Soil Survey Reports. Bureau of Chemistry and Soils, U. S. Depart- 
ment of Agriculture. (Separate reports for individual counties.) 
Superintendent of Documents. Prices from 10 cents to 75 cents. 

Minerals Yearbook. Bureau of mines, U. S. Department of Inte- 
rior. Superintendent of Documents. Price 1937 edition $2.25. 

“The Lumber Industry, Including a Selected List of Trade Associa- 
tions, 1936.” Bureau of Foreign and Domestic Commerce, 
U. S. Department of Commerce. Available only from Bureau of 
Foreign and Domestic Commerce, Washington, D. C. Price 10 
cents. 

Lumber, Lath and Shingles^ 1936. Bureau of the Census. Avail- 
able from the Bureau of the Census, Washington, D. C. Free. 

“Forest Regions of the United States, 1933.” Forest Service, 
U. S. Department of Agriculture. (Map.) Available from 
Forest Service, U. S. Department of Agriculture, Washington, 
D. C. Free, 

“Present and Potential Timber Resources, 1933.” (Reprinted 
from a “National Plan for American Forestry,” Senate Document 
No. 12, 72d Congress.) Forest Service, U. S. Department of 
Agriculture. Free. 

6. Minerals Yearbook. 

6andc. “National Power Survey, 1935. Interim report Power 
Series No. 1,” Federal Power Commission. Superin- 
tendent of Documents. Price 75 cents. 

Local authorities. 

C-2. Sources of information in the city and nearby cities. 

C-3-a. “Industrial Market Data Handbook of the United States, 1938.” 
Bureau of Foreign and Domestic Commerce. (Statistics by 
coimties and states.) Available from Superintendent of Docu- 
menfs. In process. 

Bimnidl CJ^uB of Manvfa^twes, 1935. Bureau of the Censui^, 
(Statistics,^ for counties and ^Uies above 10,6o6 population.) 
^perintendent of Documents. Price $1.75. 
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Minerals Yearbook. 

b. Atlas of Wholesale Grocery Trading Areas.” Bureau of Foreign 

and Domestic Commerce. Available only from Bureau of 
Foreign and Domestic Commerce. Price $1.00. ^ 

Census of Business, 1935. “Wholesale Distribution, Vol. III.” 
Bureau of the Census. (Statistics for counties and cities above 
5,000 population.) Available from Bureau of the Census. Free. 

c. “Consumer Market Data Handbook, 1938.” Bureau of Foreign 

and Domestic Commerce. (Statistics by counties and cities 
above 2,500 population.) Superintendent of Documents. In 
process. 

“Patterns of Stores, Sales, and Population in the United States.” 
Bureau of Foreign and Domestic Commerce. (Concentration of 
stores by kinds of business.) Available only from Bureau of 
Foreign and Domestic (Commerce. Price 10 cents. 

Domestic Regional Surveys. Bureau of Foreign and Domestic 
Commerce. (Separate volume for each area covered.) Super- 
intendent of Documents. Prices range from 60 cents to $1.85. 
Census of Business, 1935. “Retail Distribution, Vol. III.” 
Bureau of the Census. (Statistics by counties and cities above 
2500 population by kinds of business.) Available from Bureau 
of the Census. Free. 

“Consumer Trading Areas of the United States, 1935.” (Map.) 
Hearst Magazines, Inc., 57th Street at 8th Avenue, New York 
City. 

“Hagstrom’s 4-color Retail Trading Area Map of the United States, 
1936.” (Trading areas of principal sales centers.) Hagstrom 
Co., Inc., 22 Vescy Street, New York City. 

d. Port Series and Lake Scries, Army Engineers Corps. 

Foreign Commerce and Namgaiion of the United States. (Annual.) 
Bureau of Foreign and Domestic Commerce. Superintendent 
of Documents. Price of 1936 edition (2 vols.) $3.00. 

Monthly Summary of Foreign Cwnmerce of the United States. 
Bureau of Foreign and Domestic Commerce. Superintendent 
of Documents. Subscription price, $1 a year; single copies, 
10 cents. (Includes export statistics by country of destination.) 

III. Population. 

A-1 and 2. Census of Population, 1930. Vol. JH. Bureau of the Census. 

(States, counties, cities of more than 1,000 population and 
minor civil divisions.) Superintendent of Documents. 
Two Parts. Price $6.50. (New Census every ten years.) 
“Metropolitan Districts,” 1930. Bureau of the Census. 
(96 metropolitan districts with population of 100,000 or 
more.) Superintendent of Documents. Price 85 cents. 

B. Census of Population, 1930, Vol. III. 

C. Census of Population, 1930, Vol. VI. Bureau of the Census. (States, 

counties, and cities above 2,500 population.) Superintendent of 
Documents. Price $3. 

D-l. Census of Population, 1930, Vol. III. 

2. Annual midyear estimates of population by states. Bureau of th% 
Census. (Cities above 10,000 also covered in 1933 estimates.) 
Available from Bureau of the Census. Free. 
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State and Special Censuses since 1930. (Multilithed.) Bureau ex' 
the Census. (Cities above 10,000 in the six states covered, also 
Chicago and Cincinnati.) Available from tHe Bureau* of the 
. Census. Free. 

3. Local authorities. 

E and F, Census of Population, 1930, VoL III. * ® 

G. Surveyor’s analysis. 

IV. Materials Required by Industry (availability and cost factors). 

A and B. Ix>cal sources of information. 

V. Power. 

A, “National Power Survey, Interim report. Power series No. l.' ^ Federal 

Power Commission, Washington, D. C. (Power resources and 
requirements of the United States including maps and statistics.^ 
Superintendent of Documents. Price 75 cents. 

National Power Survey, Principal Electric Utility Systems in the 
United States, Power Series No. 2.” Federal Power Commission. 
Superintendent of Documents. Price $1 (paper); $1.50 (buckram). 

Local and state authorities, such as government departments, local 
supplier, and individual users. 

B, “Rates for Electric Service to Commercial and Industrial Customers.” 

Federal Power Commission. Superintendent of Documents. Price 
50 cents. 

Local municipal administrative officials, records at source of supply, 
oldest industries, such state or regional authorities as may be con- 
cerned. 

C, D, E, and F, Local sources of information. 

VI. Industry. 

A and B-1 and 2. Biennial Census of Manufactures 1935, (Statistics by 
industries and states). Note: Multigraphed releases 
were issued in 1937-1938 by the Bureau of the Census 
covering statistics by industries in 33 major industrial 
areas and showing in total (not by industries) produc- 
tion figures for counties and for cities above 10,000. 
In the report of the 1929 census and in preceding 
censuses of manufactures the data were broken down 
by industries in cities above 100,000. A complete 
understanding as to available census reports and the 
price of each report can best be obtained through 
reference to the current edition of “List of Publica- 
tions of the Department of Commerce” available, 
without charge, from the Department of Commerce 
or Superintendent of Documents; for information as 
to latest processed census reports write direct to the 
Bureau of the Census. 

“Industrial Market Data Handbook” (statistics by 
counties), 1938. 

Editor and Publisher Market Guide (annual) includes 
lists of principal industries by cities in a form con- 
venient for comparisons between cities of similar 
size, etc. . Available from Editor and Publisher^ 
Suite 1700 Times Building, New York. Subscrip- 
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tion price $4.00. (Probably available for reference 
in local newspaper offices.) 

Local and state authorities: Manufacturers’ association, 
chamber of commerce, state officials concerned with 
industry, executives of individual industries, etc. 
(Since individual industries fill out schedules for the 
biennial census it may be possible through general 
local cooperation to consult individual industries’ 
file copies of present and past reports for a direct 
, survey covering details not included in the published 

, census reports.) 

jB- 3. Local authorities and executives of industries moved to other cities. 

4. Local authorities. , 

C. Local authorities. 

VII. Labor Situation. 

A. “Consumer Market Data Handbook, 1938.” 

Biennial Census of ManufactureSy 1935. 

Census of Population, 1930. Vol. III. 

Census of Population, 1930. Vol. IV. (Number of gainfully em- 
ployed by occupation.) Superintendent of Documents. Price 
$3.50. 

Census of Unemployment, 1930. Vol. I. (Number of unemployed 
by industries and by sex.) Superintendent of Documents. Price 
$1.75. 

‘^Census of Partial Employment, Unemployment, and Occupations; 
1937.” (Separate report for each state.) Bureau of the Census. 
Free. 

Ijocal authorities. 

B. “Union Scales of Wages and Hours in the Building Trades,” 1936. 

Bureau of Labor Statistics, United States Department of Labor. 
Superintendent of Documents. Price 10 cents. (This is an exam- 
ple of the type of bulletin available for principal industries.) 

Note: — The Bureau of Labor Statistics has issued a number of 
bulletins by industries showing hours and wages in various cities. 
See Price list 33. Superintendent of Documents. Also write direct 
to the Department of Labor for latest information. 

Local authorities. 

C. “Workmen’s Compensation Legislation of the United States and 

Canada, as of January 1, 1929.” Bureau of Labor Statistics. 
(Texts of laws of the various states. Supplements available upon 
request.) Superintendent of Documents. Price 55 cents. 
“Handbook of Labor Statistics,” 1936. Bureau of Labor Statistics. 
(Contains sections on workmen’s compensation, old-age pensions 
and unemployment insurance under Social Security, minimum 
wages and hours, etc.) Superintendent of Documents. Price 
$1.25. 

“Occupational-Disease Legislation in the United States,” 1936. 
Bureau of Labor Statistics. (Texts of the laws of the various states.) 
Superintendent of Documents. Price 10 cents. 

Monthly Labor Review, Bureau of Labor Statistics. (Keeps pace witl^ 
new and amenc^tory actions of state legislatures in the field of work- 
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men’s compensation legislation, etc.) Superintendent of Docu- 
ments. Subscription $3.50; single copy 30 cents, < 

State and local authorities. 

* D. Local trade unions. 

E and F, Local industrial and labor leaders, chambers of commerce, and 
other local industrial associations. 

G. Local authorities. 

Vm. Employment and Unemployment. 

A. “Consumer Market Data Handbook, 1938.” (Total gainfully em- 

ployed in 1930 in counties and all cities above 2,500 pop^ilation.) 
Census of Population, 1930. Vol. III. (Coi^densed tabulation for 
principal industries only, by counties and cities above 25,000.) « 

Census of Population, lp30, Vol. IV. (Detailed break-down by all 
occupations, by sex, by color and nativity, by marital condition, 
and by age for states and cities above 25,000.) Superintendent of 
Documents. Price $3.50. 

B. Census of Population, 1930, Vol. IV. , 

C. Local authorities. 

D. Census of Unemployment, 1930. Vol. I. (Number of unemployed 

by industries and by sex for cities of 50,000 and over; by sex only 
for cities above 10,000.) Superintendent of Documents. Price 
$1.75. 

^^Census of Partial Employment, Unemployment and Occupations; 
1937.” Special Census under the administration of John D. Biggers. 
(Statistics on unemployed by age, sex, color, occupations, skilled 
and unskilled, etc., for counties and for cities above 10,000.) Final 
reports by states available from Census of Unemployment. Free. 
Private and governmental social agencies and local authorities. 
(Records of local registrations and placements may be obtainable 
from the nearest office of the U. S. Employment Service of the 
Department of Labor; local government departments in some cities, 
such as Philadelphia, Baltimore, Buffalo, Columbus, and Syracuse, 
and possibly many other cities have assembled considerable data 
on the local situation; special unemployment data of interest to 
cities within the state have been assembled in some states such as 
Pennsylvania, Michigan, Washington, and Massachusetts; state 
departments of labor and industry in most states have some defi- 
nitely helpful material; and state unemployment compensation 
boards, in compliance with the Social Security Act, have individual 
and plant pay roll records by months, quarters, and years.) 

E. Local authorities. 

DL Consumer Purchasing Power (estimated income in dollars of individuals and 
families considered in relation to Cost of Living). 

Notb: — State and local income tax records, where income tax is paid and 
records are available for reference, are invaluable sources of material in 
lieu of or supplementary to a direct local survey among a representative 
sampling of the city’s family population. Where a local field survey is 
not feasible and local income-tax records are not available, estimates 
derived through the application of all available published material is 
a valuable substitute. It is suggested that, in addition to considering 
such material as is referrM to in the following list, a careful check be 
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made to ascertain what information for the city is available from offices 
of state departments in the state in which the city is located.^ 

A~l. Census of Agriculture, 1935. (Value of crops and livestock by 
counties.) 

Receipts from the Sate of Principal Farm ProdvxJte, Bureau of 
Agricultural Economics. (Monthly by states.) Available from 
Bureau of Agricultural Economics, U. S. Department of Agricul- * 
* ture. Free. 

2. “Consumer Market Data Handbook, 1938.” (Mining pay rolls by 
. counties.) 

“Persopnel and Pay Boll in Industry and Business, and Farm Per- 
sonnel, by Counties," 1935. Bureau of the Census. Available 
from the Bureau of the Census. Free. 

3. Officials of local utility companies. 

4. Biennial Census of Manufactures, 1935. 

“Consumer Market Data Handbook, 1938." 

“Personnel rfind Pay lloll in Industry and Business, and Farm Per- 
sonnel, by Counties," 1935. 

6. Construction Industry, 1935. Vol. I. Bureau of the Census. 
(States and Cities of 500,000 pop\ilation or more.) Available from 
the Bureau of the Census. Free. 

“Personnel and Pay Roll in Industry and Business, and Farm Per- 
sonnel, by Counties," 1935. 

6. “Motor Bus Transportation," 1935. Bureau of the Census. 

(Geographical regions only.) Available from the Bureau of the 
Census. Free. 

“Motor Trucking for Hire," 1935. Bureau of the Census. (Geo- 
graphical regions only.) Free. 

Local railroad officials, for such information as may be available on 
income from employment in railroad activities. 

7. “Radio Broadcasting," 1935. Bureau of the Census. (States, and 

cities above 500,000.) Available from the Bureau of the Census. 
Free. 

8. “Personnel and Pay Roll in Industry and Business, and Farm Per- 

sonnel, by Counties," 1935. 

CJensus of Business, 1935. Retail Distribution, Vol. II. Bureau of 
the Census. (Pay rolls by counties and cities above 2,500.) 
Available from Bureau of the Census. Free. 

Census of Business, 1935. Wholesale Distribution, Vol. III. (Pay 
rolls by counties and cities above 5,000.) 

“Consumer Market Data Handbook, 1938." 

9. “Personnel and Pay Roll in Industry and Business, and Farm Per- 

sonnel, by Counties," 1935. 

^ “There is a dearth of basic data from which to compute reasonably satisfactory 
income estimates. Local income is sometimes roughly estimated by applying popula- 
tion figures to per capita income as computed from estimates of national income; by a 
combination of projections from data on income-tax returns, together with existing 
results of sample studies on family-income distribution and by other me^bads sug- 
gested by material under “Consumer Purchasing Power" in the Basic Outline. Fac- 
tual data for any community would necessarily come from a specific field survey. 
From “Suggestions for Use in Mating a City Survey,” see footnote on p. 671. 
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Banks/’ 1035. Bureau of the Census. (States only.) Available 
from the Bureau of the Census. Free. , , 

Financial Institutions Other than Banks,” 1935. Bureau of the 
Census. (States only.) Available ' from the Bureau of the 
Census. Free. ^ 

10. Governmental authorities in the community or area su,rveyed. 

11. Census of Business, 1935. Service Establishments, Vol. II. Bureau 

of the Census. (Statistics for states, counties, and cities of 2,500 
population or more.) Available froip. the Bureau of the Census. 
Free. 

” Personnel and Pay Roll in Industry and Business, and Farm Per- 
sonnel, by Counties,” 1935. « 

12. ” Personnel and Pay ^11 in Industry and Business, and Farm Per- 

sonnel, by Counties,” 1935. 

B-1. Assets and Liabilities of OperaJting Insured Banks, December 31, 
1937. Federal Deposit Insurance Corp. (Time deposits of all 
insured banks by states.) Available from Federal Deposit 
Insurance Corporation, Washington, D. C. Free. 

Financial statements of banks in local newspapers. 

2 and 3. Local authorities. (Data usually not available except through 
field survey.) 

C and D. Note: — ^The data on national income by sources such as 
agriculture, manufacturing, income from investments, etc., 
prepared annually by the Economic Research Division, 
Bureau of Foreign and Domestic Commerce, are pertinent 
to these and all other sub-headings under ” Consumer Pur- 
chasing Power.” Estimates by states will be released late in 
1938. 

E, Sales Management Survey of Buying Power, (Published annually in 

April. Estimated ” effective buying income” by counties.) Sales 
Management, Inc., 420 Lexington Avenue, New York City. 

Local estimates. 

F, ” Consumer Use of Selected Goods and Services, by Income Classes.” 

Bureau of Foreign and Domestic Commerce. (50 representative 
cities.) Available only from the Bureau of Foreign and Domestic 
Commerce. Price, 12 vols,, $1.65. 

” Distribution of Families by Income and Family Type, 1935-1936.” 
Bureau of Home Economics, United States Department of Agricul- 
ture, and Bureau of Labor Statistics, United States Department of 
Labor. (Preliminary reports covering native white families includ- 
ing both husband and wife in 51 cities, 140 villages, and 64 counties.) 
City reports available from Bureau of Labor Statistics, Unitecl States 
Department of Labor, Washington, D. C. Free, County And vil- 
lage reports available from Bureau of Home Economics, United 
States Department of Agriculture. Free. 

Consumer Incomes in the United States, Their Distribution in 1935- 
1936.” National Resources Committee. (Includes estimates on 
average and aggregate incomes of nonrelief families by types of 
community.) Superintendent of Documents. Price 30 cents. 

” Financial Survey of Urban Housing,” Bureau of Foreign and Domeijitic 
Commerce. (Detailed statistic!^, for 22 cities on incomes of families 
in owner-occupied and rented dwelling units.) Superintendent 
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of Documents. Price $3.25. Available for reference in some public 
libraries. 

(For* many communities very little information is available except 
through special field surveys among representative samplings of the 
local family population.) 

^ ' Statistics of Income Supplement, Section 1, Number of Individual 
Income Tax Returns for 1934 Classified by States, Counties, and 

^ Cities of 25,000 and Over Population, by Net Income Classes.” 
Bureau of Internal Revenue, United States Treasury Department. 
Superintenclent of Documents. Price 15 cents. 

0 and H. Individual Income Tax Returns, Bureau of Internal Revenue, 
•United States Treasury Department. (Number of returns by 
states, by counties, and by cities and towns published annu- 
alfy.) Available from Bureau of Internal Revenue, United 
States Treasury Department, Washington, D. C. Free. 

7, J and K. Local authorities. 

X. Living Costs, Standards, and Conditions (and Related Indexes of Consumer 
Use of Buying Power). 

A, “Retail Prices of Food, 1923-1936.” Bureau of Labor Statistics. 

(51 cities.) Superintendent of Documents, Price 20 cents. Note: 
Other retail prices are collected and can bo obtained upon request 
to the Bureau of Labor Statistics. 

Changes in Cost of Living, Bureau of Labor Statistics. (Figures 
on 51 cities published quarterly.) Available from Bureau of Labor 
Statistics. Free. 

“Intercity Differences in 59 Cities.” Works Progress Administration, 
Washington, D. C. (Costs of Living in 59 cities.) Available from 
Works Progress Administration, Washington, D. C. Free. 

State and local cost of living studies such as studies made by universi- 
ties, chambers of commerce, and trade and economic groups. (The 
list is too long for specific mention here. Sec references in Market 
Research Sources, 1938 ed.. Bureau of Foreign and Domestic Com- 
merce. Superintendent of Documents. Price 30 cents.) 

“Cost of Living in the United States, 1914-1936.” National Industrial 
Conference Board. (Indexes of retail prices of foods, clothing, 
rents in 145 cities, coal in 56 cities, gas and electricity in 131 cities.) 
National Industrial Conference Board, 247 Park Avenue, New 
York City. Local authorities (intensive study usually involves a 
local field survey). 

B. “Consumer Use of Selected Goods and Services, by Income Classes.” 

Bureau of Foreign and Domestic CJominerce. “Urban Study of Con- 
sumer Purchases,” 1935-1Q36.” Bureau of Labor Statistics. (Pre- 
liminary reports.) Available from Bureau of Labor Statistics. Free. 

Family Expenditure Data, 1935-1936. Bureau of Home Eco- 
nomics. (19 small cities, 140 villages — ^preliminary reports.) 
Available from Bureau of Home Economics. Free. 

“ Money Disbursements of Wage Earners and Lower-Salaried Clerical 
Workers,” 1934. Bureau of Labor Statistics. (Preliminary reports 
on 55 cities.) Available from Bureau of Labor Statistics'i;:r?F 4 :ee. 

Note: — See Market Research Sources, 1938 ed.. Bureau of Foreign 
and Domestic Commerce, for a list of various local studies on cost 
of living. Superintendent of Documents. Price 30 cents. 
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Local authorities. « 

C-1 and 2. Census of Population, 1930, Vol. VI. (Owned and rented 
dwellings by cities and counties, value and rental classes by 
cities.) 

“Real Property Inventory, “ 1934. Bureau of Foreign and 
Domestic Commerce. (Separate report on 'ekch of 64 
cities includes data on number of owner-occupant and 
tenant dwellings, values, rents, number of families with 
electricity, gas, installed bathing facilities, etc.) Available 
only from Bureau of Foreign and Domestic Commerce. 
Price 10 cents each, $5 per set. 

Note: — Real Property Inventories have heeiC made in mpre 
than 200 cities. A list of cities covered can be obtained 
from the Federal Housing Administration, Washington, D. C. 

“Consumer Use of Selected Goods and Services, by Income 
Classes.'* 

“Financial Survey of Urban Housing." 

“Changes in Cost of Living.” 

“Intercity Differences in 69 Cities." 

3. “Typical Net Monthly Bills for Electric Service in Effect 

January 1, 1937, in Cities of 50,000 Population or More." 
Federal Power Commission. Superintendent of Documents. 
Price 15 cents. 

“Typical Net Monthly Bills for Electric Service in Effect 
January 1, 1937, in the State of (the state)." Federal 
Power Commission. (Separate report for each state cover- 
ing all cities and towns within the state.) Superintendent 
of Documents. Prices 5 cents and 10 cents according to 
size. 

“Rate Service," American Gas Association. (Complete gas- 
rate schedules for all communities in the United States.) 
420 Lexington Avenue, New York City. 

“Changes in Cost of Living." Bureau of Labor Statistics. 
(Includes coal prices in 51 cities.) 

“Water Supply Statistics of American Municipalities, 1929," 
(rates and consumption) American City (Magazine), 470 
Fourth Avenue, New York City. 

Local public utilities. 

4. “Real Property Inventory," 1934. 

“ Markets for Plumbing and Heating Facilities in Residences, 
an Analysis of the Real Property Inventory, 64 Cities.” 

. Bureau of Foreign and Domestic Commerce. Available 
only from Bureau of Foreign and Domestic Commerce. 
Price 10 cents. 

“Markets for Electrical and Gas Facilities in Residences, an 
Analysis of the Real Property Inventory, 64 Cities." 
Bureau of Foreign and Domestic Commerce. Available 
only from Bureau of Foreign and Domestic Commerce. 
Price 10 cents, 

. “Effect of City Water and Sewerage. Facilities on Industrial 
Markets." Bureau of Foreign and . Domestic Commerce. 
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(Number of installations of air-conditioning equipment in 
434 cities of 20,000 or more population.) Available only 
from Bureau of Foreign and Domestic Commerce. Price 10 
cents. 

5. Local sources of information. 

' D-1. ** Consumer Market Data Handbook, 1938.” (Number of telephones 
by counties.) 

^ Local telephone company. 

2. ‘‘Consumer Market Data Handbook, 1938.” (Number of auto- 
mobiles 6y counties.) 

County or state ofRcials. 

3? “Consiftner Market Data Handbook, 1938.” (Number of meters by 
coipities and cities of 2,500 or more.) 

“Basic Industrial Markets in the United States, Gas and Electric 
Utilities.” Bureau of Foreign and Domestic Commerce. (Num- 
ber of gas and electric customers by counties.) Available only 
from Bureau of Foreign and Domestic Commerce. Price 10 cents. 
Local power company. 

4. “Consumer Market Data Handbook, 1938.” Estimated number of 

families with radios by counties for 1938 — Source: Joint Committee 
on Radio Research. 

Census of Population, 1930, Vol. VI. (Actual number of families 
reporting radio sets for counties and cities of 2,500 or more.) 

5. “Market Data Handbook of the United States,” 1929. Bureau of 

Foreign and Domestic Commerce. (Newspaper circulation by 
counties as of 1927.) Superintendent of Documents. Price $2.50. 
“Directory of Newspapers and Periodicals.” N. W. Ayer & Son Co. 
(Circulation of individual newspapers.) N. W. Ayer & Son Co., 
West Washington Square, Philadelphia, Pennsylvania. 

Local newspaper publishers. 

6. “Consumer Market Data Handbook, 1938.” (Circulation of 12 

national magazines by counties and cities of 2,500 or more.) 

7. 8, and 9. Local sources of information for special data applying 

to the local situation. 

E. Local authorities. 

XI. Construction and Real Estate. 

A, Census of Business, 1935. Construction Industry, Vol. I. Bureau 
of the Census. (States and cities of 500,000 or over.) Available 
from Bureau of the Census. Free^ 

B and C. Building Construction. Bureau of Labor Statistics. (Monthly 
releases on about 2,000 cities of 2,500 population and over.) 
Available from Bureau of Labor Statistics. Free. 

• Local building permit officer. • 

D. “Real Property Inventory,” 1934. (Total number of vacant resi- 

dential units.) 

E. Local building inspector, zoning board, etc. (Local study in most 

cities' would require a special field survey.) 

F. Local authorities. 

(?. Census of Business, 1935, -Real Estate Agencies (cities of 2^200 and 
over). Available from the Bureau of the Census. Free. 

■ H. Ixwal . recorder's office. - - • . 
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L Financial StaiUiics of CUieSf 1935. Bureau of the Census. 

sessed valuation of taxable property and amount of taxes ^evied for 
cities of 100|000 and over. Published annually.) Superintendent 
* of Documents. Price SI. 

** Financial Statistics of State and Local Governments,” 1932. Bureau 
of the Census. (Assessed valuation and tax levies.) ^&u*perintend- 
ent of Documents. Price $2.50. 

“Digest of State Laws Relating to Taxation and lieve;tiue,” 1922. 
Bureau of the Census. (Available for ^reference in public libraries. 
1932 Digest separates are available on 12 states only.) Superintend- 
ent of Documents. Price 5 cents each. 

Local and state tax authorities. ' * , 

^ Ky and L. Local real estate board, or association, chamber of commerce, 
and other local authorities. 

XIL Wholesale Trade. 

Ay By Cy and D. Census of Business, 1935. Wholesale Distribution, 
Vol. III. Bureau of the^ Census. (Data for counties 
and cities of 5,000 or more; analysis by type of opera- 
tion for cities of 50,000 or more; by kind of business 
for cities of 20,000 or more.) Available from Bureau 
of the Census. Free. 

E, State and local authorities. 

F. Census of American Business, 1933. Wholesale Distribution, Vol. 

VIII. Bureau of the Census. (Number of new establishments for 
a few selected states.) Available for reference in most large public 
libraries. 

Local wholesalers. 

G and H. Court records, Chamber of Commerce, etc. 

• /. “Atlas of Wholesale Grocery Trading Areas.” 

Census of Business, 1935. Wholesale Distribution, Vol. III. 

Local sources of information. 

XIU. Retail Trade and Metropolitan Shopping Areas. 

A-l-o. Census of Business, 1935. Retail Trade, Vol. IV. Bureau of the 
Census. (States and Cities of 500,000 and over.) Available 
from Bureau of the Census. Free. 

Local field survey. 

6. Census of Business, 1935. Retail Trade, Vol. III. (Counties and 
, cities of 2,500 or more.) Available from the Bureau of the 
Census. Free. 

“Consumer Market Data Handbook, 1938.” 

Census of Business, 1935. Vol. II. (Detailed breakdown by 
kinds of business for cities of 50,000 and over.) Available from 
Bureau of the Census. Free. 

2 and 3. Census of Business, 1935. Retail Trade, Vol. II. (Total 
employees and pay rolls for cities of 2,500 or more; kinds of 
buBmesa breakdowna lot cities oi 10,000 oi moie.') 

Qensus of Business, 1935. Retail Trade, Vol V. (Monthly 
employment data by kinds of business, for states and cities 
of 500,000 or more.) Available from Bureau of the Census. 

4ki and b. Cmw ^ Buskew, 1981^ Re(*a T*ade, Vol. HI. (Cities 

of 3,600(»moi».) 
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c. “Consumer Market Data Handbook, 1938.“ (Per capita sales 

for counties and cities of 2,500 and over.) 

d. Analysis by the individual making the study. 

e. Retail SaleSj Independent Stores. Bureau of Foreign and Domestic 

Commerce. (Monthly releases showing percentage changes 
in sales in most cities in 26 states. Percentage changes in 
state figures are shown by types of business.) Available only 
from Bureau of Foreign and Domestic Commerce. Free. 
Local retailers. 

5. Local retail trade association and chamber of commerce. 

’ Local retailers. 

6. Local store executives and proprietors. 

Census of Business, 1935. lletail Operating Expenses. (Rent and 
tot'al operating expense fcr all kinds of business combined, by 
states; total operating expense by kinds of business in selected 
states. References to the more detailed operating expense data 
in previous censuses are contained in the foreword of the Census 
publicaticn.) Available from the Bureau of the Census. Free. 
Cost of doing business studies for particular kinds of business in 
particular localities made by the Bureau of Foreign and Domestic 
Commerce, other governmental departments, university schools of 
business administration, etc. 

Note: — The list is too long for specific mention here. See references 
in Market Research SourceSy 1938 edition, or make specific 
inquiry to the Marketing Research Division, Bureau of Foreign 
and Domestic Commerce. 

7 and 8. Local merchants’ associations, store executives, and pro- 
prietors. 

9. Municipal and state authorities. 

10. Local survey for detailed study. (In some cities, chain store 
organizations, or other a;uthorities have made special investiga- 
tions.) 

11 and 12. Census of American Business, 1933. Retail Distribution, 
Vol. IV. (Statistics by states on the number of stores 
opened by kinds of business by quarters during 1933 and 
for the preceding three-year period.) Available for refer- 
ence in most large public libraries. 

Court records. 

13. Local retailers. 

B. “ Metropolitan Districts, Population and Area,” 4930. Bureau of the 
Census. (For all metropolitan districts over 100,000 population.) 
Superintendent of Documents. Price 85 cents. 

“Consumer Trading Areas of the United States, 1935.” (Map) Hearst 
Magazines, Inc. 

“Hagstrom’s 4-color Retail Trading Area Map of the United States, 
1936.” Hagstrom (Company. 

Local newspapers and chamber of commerce. Other local authorities. 
(The local situation may suggest a special field study.) 

XrV. Buying Habits of Local Consumers. 

A. “Retail Credit Survey,” 1937. Bureau of Foreign and ^Domestic 
Commerce. (Based on reports from 86 cities on some of which 
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statistics will be presented separately showing open account, 
deferred-payment, aiid cash sales.) Superintendent of Documenfts. 
Price 20 cents. r * 

Bj Cf and D. ** Market Records, Buying Habits and Brand Preferences 
of Consumers in Sixteen Cities,'' 1938. Scripps-Howard 
Newspapers, National Advertising Departnjent, 230 
Park Ave., New York City, and other local studies on 
consumer buying habits made by newspapers, university 
bureaus of business research, etc. * 

Note: — ^The reports are too numerous to mention specifi- 
cally in this list but references may be found in the 1938 
edition of Market Research Sources. (Adequate informa- 
tion on the local situation may involve a special ficfld 
study.) r f 

XV. Service Establishments, Hotels, Places of Amusement. 

A. Census of Business, 1935. Service Establishments, Vol. II. (States, 

counties, and cities of 2,500 and over.) Available from the Bureau 
of the Census. Free. *■ 

Census of Business, 1935. Service Establishments, Vol. HI. 
(Monthly employment by states and cities of 500,000 and over.) 
Available from Bureau of the Census. Free. 

Local service establishments. 

B. Census of Business, 1935. Hotels. (By states, counties, and selected 

cities of 100,000 or more.) Available from the Bureau of the 
Census. Free. 

Hotel Redhook and Directory. (Annual) American Hotel Association 
Directory Corporation. (Number of rooms, rates, and facilities.) 
Available from American Hotel Association Directory Corporation, 
221 West 57th Street, New York City. 

Local hotel managers, and state, county, and municipal records. 

C. Census of Business, 1935. Places of Amusement. (By states.) 

Available from the Bureau of the Census. Free. 

Proprietors of local places of amusement. 

, -XVI. Transportation Facilities. 

A-1 and 2. Official Guide of the Railways ^ National Publishing Co., 424 
West 33rd Street, New York, New York. 

Local station master. 

Local passenger agents pf the various railroads. 

8 and 4. ** Freight^ Commodity Statistics," Interstate Comnferce 
Commission. (By regions and districts.) Superintendent 
of Documents. Price 75 cents. 

^"Transcontinental and Intercoastal Trade of the Pacific 
Southwest in 1926." Bureau of Foreign and Domestic 
Commerce. Superintendent of Documents. Price 25 
cents. 

6f 6, 7f and 8. Local authorities. (Lack of available information on 
the local situation may indicate the need of a special 
study.) 

B. Green* B Marine Directory of the Great Lakes. Green’s Marine Directory 
* of the Great Lakes Company, Rockefeller Bldg., Cleveland, Ohio. 

Paeifie Shipper. 3U California St., San Francisco, California. « 
Shipping Digest. 420 Lexington A^., New York, New York. 
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Official Steamship and Airway Guide. Transportation Guides, Inc,, 
420 Lexington Ave., New York, New York. 

Export Trade and Shipper. Business Publishers' International Cor- 
poration, 330 West 42nd St., New York, New York. . • 

Port Series and Lake Series. Corps of Engineers, War Department. 

^ “Inland-waterway Freight Transportation Lines in the United States.” 
Bureau of Foreign and Domestic Commerce. Superintendent of 

• Documents. Price 30 cents. 

“ Great Lakej-to-Ocean Waterways.” Bureau of Foreign and Domes- 
^ tic Commerce. Superintendent of Documents. Price 25 cents. 

United States Maritime Commission, Washington, D. C. 

American Steamship Owners' Association, 11 Broadway, New York, 
New York. ^ 

Officer in charge of local station (if any) of the Army and Navy Corps 
of Engineers. 

Local officials of shipping lines. 

Foreign Commerce and Navigation of the United States. Bureau of 
Foreign and Domestic Commerce. 

C-l. Official Aviation Guide. Official Aviation Guide Co., Inc., 608 
South Dearborn St., Chicago, Illinois. 

Airway Map of the United States. Bureau of Air Commerce, 
United States Department of Commerce. Available from 
Civil Aeronautics Authority, Washington, D. C. Free. 
“Scheduled Airline Operators” (mimeographed). Bureau of Air 
Commerce. Available from Civil Aeronautics Authority. 
Free. 

2 and 3. Official Aviation Guide. 

Ix)cal authorities, such as information office of airport, airline 
tickc!t office in city or railway station, and airport managers. 

“Description of Airports and Landing Fields in the United 
States.” Bureau of Air Commerce. Available from 
Civil Aeronautics Authority. 

“Tabulation of Air Navigation Radio Aids.” Bureau of Air 
Commerce. Available from Civil Aeronautics Authority. 
Free. 

Aeronautical Charts. Coast and Geodetic Survey, United 
States Department of Commerce. (Shows airports, trolley 
lines, railroads, highways, beacon lights, radio stations, etc.) 
Available from Coast and Geodetic Survey, Washington, 
D. C. Prices vary from 40 cents to $1.20. 

Aeronautical Communications Stations. (Map) Bureau of 
Air Commerce. Available from Civil Aeronautics Author- 
ity. Free. 

“Communications Manual." Aeronautical Radio, Inc., Na- 
tional Press Building, Washington, D. C. 

“National Airport Plan." Bureau of Air Commerce. (Rec- 
ommended facilities and selected data for individual 
cities.) Available from Civil Aeronautics Authority. Free. 
(Distribution limited to planning agencies.) » * 

4, 5, 6, and 7. Local authorities. 

Z>-1. Transportation Maps. Bureau of Public Roads, U. S. Department 
of Agriculture.* Superintendent of Documents. Prices vary 
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according to the number of sheets per state. 20 cents per 
sheet. ^ , 

United States System of Highways. (Map.) Bureau of Public 
‘ Roads. (Shows the number system of United States highways.) 

Superintendent of Documents. Price 15 cents. 

Annual reports of the state highway commission and records of the 
highway department of the particular state studied. 

Local sources such as filling station operators, etc. 

2. ‘‘Russers National Motor Coach Gujjie.'' 817 Second Avenue, 
S. £., Cedar Rapids, Iowa. , 

‘‘Official Motor Freight Guide.*' Universal Guide Corporation. 
(Principal truck and trailer companies by cities, schedules, Iqpal 
and long distance ipaps of each line.) ^ Universal Guide Corpora- 
tion, 732-38 West Van Buren Street, Chicago, Illinois. 

Public service or public utility commission in the state involved. 
Interstate Commerce Commission, Washington, D. C. 

Records and officials of operating companies. 

Highway planning survey service of the Bureau of Public Roads. 

3 and 4. Local authorities. 

E, Operating company records. 

Public service or public utility commission of the particular state 
involved. 

Interstate Commerce Commission. 

F, “The Petroleum Industry of the Gulf Southwest." Bureau of Foreign 

and Domestic Commerce. Superintendent of Documents. Price 
65 cents. 

“Transportation of Gasoline by Pipe Lines." Bureau of Mines. 

Superintendent of Documents Price 10 cents. 

Operating company records. 

Public utility or public service commission of the state involved. 
Interstate Commerce Commission. 

G, Comparisons from other figures under XVI. 

H, American Transit Association, 292 Madison Avenue, New York, 

New York. 

Operating company records. 

Municipal public utilities commission. 

I, Local authorities. 

XVII. Public Warehousing. 

A. Census of Business, 1935. Public Warehousing. (By regions and 

states.) Available from Bureau of the Census. Free. 

« Municipal and state records, managers of local warehouses, and 
chamber of commerce. 

B, C, and D. Managers of local warehouses. ' 

XVni. Banking and Finance, Insurance. 

A. Bankers* Directory, Rand-McNally and Company, Chicago, Illinois. 
Census of Business, 1935. Banks. (By states.) Available from 
Bureau of the Census. Free. 

Assets and Liabilities of Operating Injured Banksy December 31, 
^ 1937. ' Federal Deposit Insurance Corp. 

Officers of local banks, and financial statements of banks in l(^cal 
newspapers. ^ 
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^ B, Census of Business, 1935. Financial Institutions other than Banks. 

(By states.) Available from Bureau of the Census. Free. 

Officcjbs of local financial institutions. 

C. Census of Business, 1935. Insurance. (By states and cities of 10,000 
and over.) Available from Bureau of the Census. Free. 

* * Local officers and agents of insurance companies. 

■D! Local authorities. (The local situation may suggest the need for a 
^ special field survey.) 

XIX, Professional Service (physicians, dentists, lawyers, etc.). 

Census of Population, 1930, Vol. IV, Occupations. (Number engaged in 
'professional pursuits for cities of 25,000 and over.) Superintendent of 
Document!?. Price $3.50. 

Telephone and city directories, and local professional men. 

XX. Newspapers, Radib Stations. * 

A, N.W, Ayer Sc Son* a Directory of News papers and Periodicals. (Names 

and circulations of newspapers arranged by states and cities.) 
N. W. Ayer & Son, West Washington Square, Philadelphia, Penn- 
sylvania. ^ 

Advertising rate cards of local newspapers, and editors, officers, and 
files of local papers. 

B. Census of Business, 1935. Radio Broadcasting. (By states and 

largest cities.) Available from Bureau of the Census. Free. 
Managers of local stations. 

XXI. Expositions, Fairs, and Conventions. 

World Convention Dales (monthly magazine). Hendrickson Publishing 
Co., 330 West 42nd Street, New York, New York. 

Local chamber of commerce, and other local authorities. 

XXn. Industrial and Commercial Associations (chambers of commerce, commodity 
and technical associations, grain exchanges, etc.). 

‘‘Selected Trade Associations of the United States, 1937 Edition.'^ Bureau 
of Foreign and Domestic Commerce. (Directory of 2,400 national 
and interstate associations.) Available only from Bureau of Foreign 
and Domestic Commerce. Price 10 cents. 

‘Xist of State and Local Trade Associations ixi [name of stale].** Bureau 
of Foreign and Domestic Commerce. (Separate directory for each 
state.) Available only from Bureau of Foreign and Domestic Com- 
merce. Free. 

Local industrial and commercial association executives. 

XXni. Universities and Other Institutions (state, county, etc., having appreciable 
enrollments from other communities). 

A, Educational Directory, Part 3.” Office of Education, United States 

Department of Interior. (Covers colleges and universities.) Avail- 
able from the Department of Interior, Washington, D. C. Free. 
Registrars and other officers of local universities and institutions. 

B. Officers of local. Federal state and municipal institutions. 

XXIV. Federal, State, or County Government Establishments (for a state capital or 
county seat, such special establishments and facilities as contribute impor- 
tant activities to this type of city). 

Local officials of Federal, state or county governments. ^ 

XXV. Other (all other types of establishments and special features that tend to 
contribute to the community’s employment, purchasing power, and con- 
sumption). 
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Local authorities. 

XXVI. Summarization of Principal State and Local Laws and Regulations affecfing 
' industry and commerce and consumer purchasing powel (The supervision of 
, this section by a local attorney or attorneys is desirable.) 

“United States Code Annotated.” 

State codes and statutes, municipal ordinances. State secretaiy of state. 

A, “Financial Statistics of State and Local Governments,” 1932. Bureau 

of the Census. 

“Financial Statistics of Cities,” 1935. Bureau of the Census. 
“Digests of State Laws Relating to Taitation and Revenue,” 1922. 
Bureau of the Census. (For use as a possible guide as* to how a cur- 
rent digest can be made.) « 

B. State codes. * 

C. “Workmen's Compensation Legislation In the United States and 

Canada, as of January 1, 1929.” Bureau of Labor Statistics. 
“Handbook of Labor Statistics, 1936.” Bureau of Labor Statistics. 
“Occupational Disease Legislation of the United States,” 1936. 

Bureau of Labor Statistics. * 

Monthly Labor Review, Bureau of Labor Statistics. 

D, Ef F, and G, State codes and statutes, municipal ordinances. 

H. “List of Unfair Trade Practices.” Marketing Research Division, 
Bureau of Foreign and Domestic Commerce. (Free as long as the 
limited supply lasts.) 

J, J, and K, Local authorities. 

XXVn. Municipal Administration and Related Data. 

A. Municipal Yearbook (annual). The International City Managers' 

Association, 1313 East 60th Street, Chicago, Illinois. 

Local municipal authorities. 

B and C. “Financial Statistics of Cities,” 1935. Bureau of the Census. 

Municipal Yearbook. (This includes data from authoritative 
sources on each phase of municipal administration.) 

Local municipal authorities. 

D, Ej and F. Local authorities. 

XXVlll. Civic, Social, and Related Facilities and Activities. 

A to L. Local authorities, including Chamber of Commerce, telephone 
directory, officials of the public school system, city health 
officials, etc. 

B. “Census of Religious Bodies,” Bureau of the Census, 1936. (Cities 

of 25,000 or more.) In preparation. 

C. “Education Directory,” Office of Education, United States Depart- 

ment of Interior. (In four parts.) Available from Department of 
Interior. Free. 

“Statistics of City School Systems, 1933-34.” Office of Education, 
United States Department of Interior. (Survey of Education in the 
United States.) Superintendent of Documents. 30 cents. 

J. “Directory of Hospitals,” American Medical Association, 535 South 
Dearborn Street, Chicago, Illinois. . 

“Vital Statistics Special Reports.” Division of Vital Statistics, 
^ Bureau of the Census. (Statistics on births, deaths, and infant mor- 
tality issued in various forms from time to time. The Division of 
; ' Vitid Statistics’ Weekly Health Index, covering 86 cities, ^d Weekly 

Accident Bulletin, for 130 citidb, can also be obtained from tl^ 
' ; • -Division.) ' .. 
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** Water Supply Statistics for American Municipalities/’ 1929. Amer- 

• icap City Magazine, 470 Fourth Avenue, New York, New York. 

XXIX. Important ]^ysical Facilities and Special Features (not elsewhere described). 

Local authorities. 

• • 

• Sources of Related Material 

This materiaLsupplements specific references in Section II applicable to points of 
inquiry enumerated in the Basic Outline. (Printing-space limitations require that 
publications referred to in this supplementary list be selected for their potential help- 
fulness as guides to additional material from other sources, as well as for more direct 
coi)|3iderations.) * 


» 1 

Federal Agencies 

“Price Lists” by General Subjects. — ^These give the names of publications under 
the classification and the agency of the government issuing each publication, and are 
currently available. Such liiils as the following may be of interest: Price List No. 10. 
‘‘Laws”; 15, “Geological Survey”; 21, “Fishes”; 28, “Finance”; 31, “Education”; 
33, “Labor”; 35, “Geography and Explorations”; 36, “Government Periodicals”; 37, 
“Tariff”; 38, “Animal Industry”; 42, “Irrigation, Drainage, Water-power”; 43, 
“Forestry”; 45, “Roads”; 46, “ Agricilltural Chemistry, and Soils and Fertilizers”; 
48, “Weather, Astronomy and Meterology”; 51, “Health”; 53, “Maps”: Govern- 
ment maps and directions for obtaining them; 58, “Mines”: Mineral resources, 
fuel-testing, coal, gas, gasolinp, explosives; 59, “Interstate Commerce Commission 
Publications”; 62, “Commerce and Manufactures”; 69, “Pacific States”; 70, “Cen- 
sus”; and 72, “Publications of interest to suburbanites and homo builders.” 
(Library references.) Price lists are obtainable from the Superintendent of Docu- 
ments, Washington, D. C. No charge. 

“List of Publications of the U. S. Department of Commerce.” — Superintendent of 
Documents. No charge. 

“Market Research Sources.” — ^A guide to information on domestic marketing 
emanating from offices of the Federal Government, state governments, colleges, 
universities, and foundations, publishers of books and trade directories, and from 
commercial organizations. Bureau of Foreign and Domestic Commerce. Superin- 
tendent of Documents. 1938 ed., 30 cents. 

Domestic Commerce. — A periodical appearing on the 10th, 20th, and 30th of 
each month, provides a current review of developments in the field of marketing and 
new studies in the field of distribution by government agencies and non-governmental 
authorities. Bureau of Foreign and Domestic Commerce. Yearly subscription, 
$ 1 . 00 . 

“Selected Trade Associations of the United States.” — A directory of approxi- 
mately fi,400 national and interstate associations. Available only from the Bureau 
of Foreign and Domestic Commerce. 10 cents. 

State and Local Trade Asgodation Directories. — Directories for each state are 
available, covering trade associations in cities of more than 3,000 population.. Avail- 
able only from Bureau of Foreign and Domestic Commerce, No charge. 

Circular 10, Status of City and County Planning (subject to current revision), and 
other leaflets on planning activities in various communities. National Jlesources 
Committee^ Washington, D. C. No charge. 

. .^^Planning Our Resources,” 1938, includes descrii^tion of the Work of regional 
planning agencies in various sections of the countty. National Resources 
Superintendent of Dooumwts. 10 cente. ‘ ' ** • 
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Associations, Commercial Research Agencies, and Other Sources 

**The Location of Industry — ^A Select Bibliography/’ — ^Includes references to 
community outlines and related material prepared by authorities in the United States 
as well as in Canada. 1937. McGill University, Social Science Offices, 3466 Uni- 
versity Street, Montreal, Canada. • 

Among the survey outlines referred to in the above-named bibliography are: 
“Industrial Development for a ‘.Community" available (without charge) from the 
Policyholders Service Bureau, Metropolitan Life Insurance Company^ New York; 
“Industrial Surveys, an .Outhne for Communities, and Manufacturers," and other 
material by George C. Smith, Engineer, Missouri-Kansas-Texas Railroad. Company, 
Railway Exchange Building, St. Louis, Missouri; “ Preparation and Use of Industnal 
Surveys" and “The Bid for New Industries" by Charles P. Wood, Lockwood Greene 
Engineers, Inc.* New York,; “Survey of Retail Trading Area," University of Illinois, 
Business Research Bulletin No. 44, and “A Community Labor Survey," Business 
Research Bulletin, No. 34, University of Illinois, Urbana, Illinois. 

Similarly available are “Industrial Plant Location Study," and other material 
by Harold V. Coes, Industrial Department, Ford, Bacon and Davis, Inc., Engineers, 
New York; “Traffic and Trade" by Paver and McClintock, 1935 (Book 3), McGraw- 
Hill Publishing Company, New York; “How to Reduce Municipal Expenditures” 
(15 cents). International City Managers’ Association, Chicago, Illinois; “The Codifica- 
tion and Drafting of Ordinances for Small Towns" (50 cents). Public Administration 
Service, Chicago, Illinois; “America’s Capacity to Consume" ($3.00), The Brookings 
Institution, Washington, D. C.; “The Economic Importance of Boston University to 
the Community" (25 cents), Boston University College of Business Administration, 
Boston, Massachusetts; “Community Planning" (25 cents) and other publications 
of the Regional Plan Association, New York; “Is Industry Decentralizing?" by 
Daniel B. Creamer ($1.00), University of Pennsylvania Press, Philadelphia, Pennsyl- 
vaniso 1935; “Migration and Economic Opportunities” by Carter Goodrich and 
others ($5.00), University of Pennsylvania Press, Philadelphia, Pennsylvania, 1936. 

. of PnbliqatioQS of the Chambi^ of Commerce of the United States," includes 
references to “Balanced Rebuilding of Cities," 1937; “Zoning, A Statement of Princi- 
ples, and Procedure,” 1936; “New Opportunities for City Hanning”; “Outline of a 
Master. Community”; “Special Inducements to Industries"; “Reducing State and 
Local Taxes" (10 cents); “State Sales Taxes/' a digest of current state tax laws (10 
cents); “State and Local Budgets^ Methods" (10 cents), and many other publicar 
tions available from the Chamber of Commerce of the United States, Washington, 
D. C. 

“Urban Markets and Retail Sales." — ^This important new type of marketing atlas 
was published, in the fall of 1938 ]by Outdoor Advertising, Inc., 60 East 42d St., 
New York. (Published top late for review and listing under specific points in the 
Bpsic .^Outline. Price not given,) 

“The Municipal Year Book." — ^The 1938 edition provides a rdsumdpf activities and 
staliistical data of Ai^erican cities and a description of services of associations and 
other organizations, devoted to city planning and to special subjects of community 
interest such: as taxes^ triiffic, soning, education, housing, etc., also an extensive 
source list of infpm;^lfji9n on practically every type of major community problem. 
Available- for reference in ^ost: iii>?erie8, Hiblished by the International 

City Mafb^^ers’ Association, iC^cago/ {Uinc^. * varies for different years.) 

Ipduetriil A^ Jndex/’-^ts ouffent ipaterial on industry, engineer^g, 
tma^Ktation, trade, &enoe| Available for reference in 

iibiari^. Wn Cbmpeny, York. 
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After the data in any particular survey have been gathered and presented in such 
tabular and graphic ferine that they may be readily analyzed, one is ordinarily ready 
to prepare a report on the investigation. In the present discussion, which aims to 
furnish assistance in the preparation of statistical reports, the points made are offered 
as suggestions rather than rules. These suggestions, however, are based upon many 
years of practical experience in preparing statistical reports for the use of business men. 

In the preparation of statistical reports, it is important to remember that it is not 
necessary or generally advisable to follow the rules of journalistic writing. The 
attitude of the reader is entirely different. The newspaper must catch the eye with 
the first sentence, and hence it generally places the most important fact or idea first. 
The statistical report aims to convince only after a complete presentation or analysis 
has been given. The final conviction is built on a foundation of statistical facts 
presented in an orderly manner. With a proper progression, the conclusion will be 
reached without the necessity of any elaborate or arbitrary assertions. 

It must be understood, however, that in business practice, frequently decisions 
are made based largely on confidence in the judgment of subordinates or experts who 
have conducted the investigation. Where such a relationship exists, the report 
should ordinarily bo iiixroduccd by a brief summary of the main facts and analyses 
for the purpose of rapid review. The body of the report, however, should give all the 
data on which the conclusions are based, arranged in progressive order, laying the 
foundation first and building to the final conclusion. 

Use of the Third Person.—The point of view in business reports is ordinarily 
that of the third person, and when once decided upon it should be maintained con- 
sistently. In writing statistical reports, it is easy to shift unintentionally from the 
third to the first or second persons; care should be taken to guard against this error. 
Jhough the final determination of the point of view depends upon the nature of the 
subject and the purpose of the report, the use of the third person is usually the most 
effective. 

Use of Illustrations. — Charts, diagrams, tables, pictures, and other exhibits are 
valuable means of bringing out clearly the significant facts, but care should be taken 
to illustrate only the worth-while points if there is to be a logical development of 
ideas. When using such exhibits, it is usually best to give them titles, and these 
titles shpuld be selected with reference to the particular points which it is desired to 
illustrate or emphasize. 

Length of Report. — ^The number of words, phrases, sentences, or paragraphs given 
to any thought should be the minimum necessary to express it clearly and forcefully. 
Often a 50-page report may be improved by cutting it to 26 or less. On the Whole, 
the report should be just long enough to express in specific concrete statenients the 
thought of the writer, so that the reader will gain a vivid impressibh of the^gnificant 
points and a thorough understanding of the subject matter. 

*The' Outline.— At the beginning of an investigation, when the general object is 
determined, the problem is ordinarily broken up into its . component elements, but 
when onp is ready to write the report, it usually is possible to regroup the material 
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gathered in a more practical manner for the purpose at hand. When this has been 
done, the proposed report should be carefully thought through and a detailed outKne 
prepared, which not only lists the topics to be covered, but shows the position of all 
tables, cl^rts, and important items throughout the report. The point cannot be too 
strongly empluisized that carefully thinking through a proposed report is necessary 
in preparing a good outline, and that a good outline is essential in systematically and 
logically developing the presentation and analysis of the material gathered. 

The First Draft. — One is ready to write only after the outline has been carefully 
thought out and the material has been thoroughly assimilated. One should think 
over the problem until it has been fully determined what'is to be said, and then write 
the first draft rapidly with the mind fully occupied with the subject cf the report, 
giving choice of words or turn of phrases but little consideration. Then, after the 
subject matter has been written down, the report should be carefully revised eind 
restated in order to make it more effe<rtive. 

The Final Revised Copy. — ^To bring out the important points prominently, 
leaving the minor points in the background, is the chief function of revision. Every 
unnecessary word should be eliminated and every weak place should be improved to 
make the report concise and convincing. The writer ^ should put his thoughts on 
paper in such a way as to tell others in the fewest words possible exactly 
what he has in mind; then the important points will stand out clearly. Clearness 
and forcefulness require the careful observation and application of the principles of 
unity, coherence, and emphaeia in the arrangement of words, phrases, sentences, dnd 
paragraphs. 

Appearance of the Report. — ^In addition to the principles previously outlined in 
this discussion, it is important to consider the general appearance of the report. 
Slovenly appearance gives an impression of slovenly work. Such formal parts of a 
report as cover, title page, letter of submittal, table of contents, topical headings, 
subtitles, footnotes, and references should be carefully and completely presented. 

Formal Parts of a Report. — ^The formal parts of a report, in the order in which they 
are ordinarily arranged are: 

1. Cover title. 

2. Title page. 

3. Letter of submittal (if included aa part of the report). 

4. Table of contents. 

5. list or lists of exhibits (tables, charts, etc.). 

6. Main body of the report. ^ 

7. Appendix. 

Cover Title. — On the cover should be stated the title of the report, and ordinarily 
the name of the author and person or firm for whom the report was made, with any 
other information of value in filing. On small reports, the title may ordinarily be 
typed on the cover or typed on a label and pasted on, but on more formal reports 
bound in leather or fabxikoid, the title should ordinarily be stamped on in gold-leaf 
lettering (see Exhibit 250). ^ 

Tide Page. — ^The title page duplicates the information given on the cover and, in 
.addition, often gpves a more complete title with such information as the date and place 
of writing. 

Letter of Submittal. — ^A report is usually accompanied by a letter of submittal. 
Ordinarily the introductory paragraph of this letter should present the subject of the 
report, tl^ authority or reasons for writing it, and its purpose, while the body of the 
'.letter should point out any other important considerations regarding the report. 
Sosoetimes the letter is bound in the report, immediately following the title page, hut 
usually it ia submitted Mparately. . .Ckcumstaisses will determine the plan to be 
fdSowed. 
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Table of Contents. — The table of contents, placed at the beginning of the report, 
listl the chapter titles and topical headings with their page numbers. It is not only 
used for rMerence purposes, but it is also a skeleton outline which shows at a glance 
the significant items and their interrelations. , 

Summary. — ^If it is desirable to include a summary, it should as a rule present in 
brief sentoice paragraphs the outstanding facts, the conclusions reached, and the 
action recomiHended, or other outstanding features of the investigation. The sum- 
mary is a great convenience to the business man in making a rapid review of the report. 
In most cases, the best position for the summary of a business survey is just preceding 
the main body of the report.* 

Section Titles, Subtitles and Topical Headings. — Considerable care should be 
taken to choose titles that will be significant of what is covered in the chapters or other 



Exhibit 260. — FlexiUe leather and fabrikoid covers for formal reports of from 25 to 
100 pages. The report on the left shows the position suggested for title lettering, etc. 
The one on the right shows the fly leaf, title page, and screw binding. 

sections of a report. From the title, one should be able to understand clearly what 
subject or field is covered. Subtitles are given to distinct parts of a major section, 
and (as an aid to unity, coherence, and emphasis) topical headings are given to 
paragraphs or to related series of paragraphs. 

Footnotes. — Such information as sources of data should be given in footnotes. 
'*The use of the asterisk is proper . . . though ... in modem usage footnotes are 
usually referred to by means of small figures, technically called superiors.”^ If the 
source is a publication, the name of the author, title of the work, page number, the 
name and address of tho publisher, and the date of publication shoOld be given, in 
the order mentioned. If the source is a personal interview, the name, position, and 
address of the person may be given with the date and place of the interview. These 
references to sources are very important if the information is to be verified or 
supplemented. 


^ Wooley, Edwin C., ‘‘MechanJbs of Writing,” p. 18,- D. C. Heath k Company, 
Boston, 1909. 
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' Position of Olostrations and Exhibits* — ^When charts, diagrams, tables, pictures, 
and other exhibits are used to supplement the written material, they should be placRsd 
so that -they can be used with the minimum of effort on the partsof the reader. All 
illustrations should be as small as they can be made without losing their effectiveness. 
It is often possible to make a chart small enough so that it can be placed within the 
paragraph that it illustrates. In this position it can be easily observed .when the 
written matter is read. Such illustrations may be drawn directly on«the sheet or 
they may be taken from other sources and pasted on the pages of the report. In 
many instances, as a matter of expediency, it is necessary to have such' exhibits as 
tables and charts on separate sheets by themselves. In position, such an exhibit 
should ordinarily follow the page on which its analysis is presented. Liarge exhibits 
may be folded and placed in the back of the report, but their use should be avoided 
when small exhibits would be equally effective. 

Tjrping the Report. — ^The final copyt of a business statirtics report should be care- 
fully typewritten, using only one side of the paper. ‘ The lines should ordinarily be 
double spaced, though usually it is best to single space quotations. Topical headings 
should be emphasized by underlining or by placing them in a special position. Once 
decided upon, the same relative position and emphasis should be maintained for 
topical headings throughout the report. Care should be taken to see that a sufficient 
number of carbon copies are made. 

Reproduction of Illustrations. — If several copies of charts are to be made they can 
be reproduced by blue printing or by photostating. Other methods of reproduction 
are available for special purposes. 

Paper. — ^The paper used in reports should be of good quality, and by 11 inches 
in size unless otherwise specified. The covers for small reports may be heavy paper 
such as that commonly used as covers for pamphlets and published reports. The 
subject of covers will be discussed further in connection with binding. 

Spacing. — margin of 1 to 1^ inches should be left at the right and bottom of the 
page, and 1) inches should be left at the top. On the left, a wider margin of 1} to 
2 inches should be left to allow for binding. The foregoing applies, of course, to 
reports bound on the side. Sometimes it is desirable to bind them at the top, when 
care should be taken to allow a top binding margin. 

Paging. — ^A report should be paged with Arabic numerals either in the upper right 
comer or at the center of the bottom of the page. Full page charts, diagrams, exhibits, 
and other illustrations should ordinarily be paged along with the rest of the report. 
All illustrations should ordinarily be given a number for reference. In many reports, 
the tables are designated ''Table 1,'' "Table 2," etc., and the charts are designated ^ 
"Chart I," "Chart II," etc. In other reports, the charts and tables are all referred 
to as "exhibits" with simply one series of Arabic numerals. Other systems are also 
followed, but these two methods will cover most requirements. 

Binding. — ^As far as appearance is concerned, no part of the report is more impor- 
tant than its binding. While, strictly speaking, the kind of binding should have 
perhaps nothing to do with the quality of the report, the psychological effect of having 
a good report in a good binding should not be overlooked. Just as a merchant places 
his high-quality merchandise in a high-class package, so also is there an advantage 
in-'idacing a good report in an appropriate cover. The point should be emphasized, 
however, that the cover should be appropriate for the purpose. It is extremely bad 
taste to place an insignificant report in an elaborate binding. An appropriate cover 
may not pecessarily be an expensive cover, but it should be neat and expertly 
attached. 

■ ' ' ; ii ' « 

> If a report is being prepared for publication, Ahe publisher’s special instructions 
aa tc final preparation should be followed. 
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Small reports of a few pages may be fastened together with two or three staples or 
eyelets and placed in special paper covers which are provided for the purpose by any 
well-stodked statiohery store. Larger reports of, say, from 25 to 100 pages, may also 
be placed in paper bindings, but if they are of a more formal nature, it is ordinarily 
desirable to place them in leather or fabrikoid bindings, such as those illustrated in 
Ebchibit 250 on page 715. Reports of 100 or more pages should ordinarily be bound 
by a professional binder, and the binding should be selected in accordance with what 
is appropijate for the particular report. Reports of a few hundred pages can be 
stapled for certain types of use, but if they are important enough, they should be 
sewed and bound like boolft. 
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APPENDIX VI 

INDEXES OF BUSINESS CYCLES AND BUILDING CYCLES 

This brief description of the business cycle and the building cycle indexes that were 
presented in Exhibit 158 on page 331^ is included, not only for the reason that it may 
boi helpful in making more detailed studies than are discussed in (Chapters XVI and 
XXII, but also for the reason that it may be l^elpful in indicating methods of making 
systematic approaches to similar problems. 

THE CLEVELAND TRUST COMPANY»S 

INDEX OF GENERAL BUSINESS ACTIVITY 

• 

The Cleveland Trust Company’s Index of General Business Activity, presented 
in Exhibit 158, page 331, for the period from 1830 to 1937, inclusive, is available for 
the period from 1790 to date.* This index “is composed of one set of 10 series of 
annual data from 1790 to 1885, and of another set of 10 series of annual data from 
1855 to 1901. The fluctuations above and below normal were computed for eacK 
series separately, and the 10 were then combined in one. Normal values for each 
scries were means between one set of lines running from one prosperity peak to the 
next, and another similar set of lines running from each depression bottom to the next. 
The annual figures from 1901 to 1919 are those of the Thomas index of manufacturing 
production with mineral production added, and from 1919 to date the monthly figures 
of the Federal Reserve index of industrial production have been used. All the 
data were reduced to a per capita basis. 

“The computations of the fluctuations of each of the 10 series constituting the index 
from 1855 to 1901 were carried through to include 1930, and the coeflicient of correla- 
tion between each of them and the production series running from 1901 through 1930 
was computed. Their deviations were then multiplied through by constants so as to 
equate their amplitudes of cyclical fluctuation. , Each of the 10 scries was then given a 
^weight based on its degree of correlation with the production series, and with these 
weightings they were, combined into a single index. The 10 series with tliese weights 
are pig iron consumption 15, railroad freight ton miles 15, cotton consumption 14, 
canal freight (New York and Sault Ste. Marie) 12, coal production 12, construction 
of miles of new railroads 12, blast furnace activity 10, rail production 6, locomotive 
production 2, and ship constniction 2. The 10 series combined give results closely 
similar to those of the production series for the overlap period from 1901 through 
1930. ^The heights of prosperities, and the depths of depressions, are closely alike 
in the Wo series. The coefficient of correlation for the period is .95. Their average 
deviations for the period are equal. 

“In a similar way the computations of the fluctuations of each of the 10 series con- 
stituting the index from 1790 to 1855 were carried through to include 1882, and the 
coefficient of correlation between each of them and the first 28 yeaip of the index 


' The building cycle index is also included in Exhibit 207, on p. 533. * ^ 

* • This index was developed by Colonel Leonard P. Ayres, Vice President of the 
Cleveland Trust Company. ^ 
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^running from 1855 to 1901* was computed. Their deviations were then multiplied 
through by constants so as to equate their amplitudes of cyclical fluctuation. Etfch 
of the 10 series was then given a weight based on its degree of eorrelation^with the 
first ^ years of the index from 1855 to 1901, and with these weightings they were 
combined into a single index. The 10 series with these weights arc commodity prices 
20, imports 18, imports retained for consumption 16, government receipts 14, ship 
construction 12, government expenditures 6, coal production 6, exports 5, iron exports 
2, and tons of registered shipping in service 1. The 10 series combined give results 
closely similar to. those of the other index for the overlap period from 1855 through 
1882. The heights of prosperities, and the depths of depressions, are closely alike 
in the two series. The coefficient of correlation for the period is .90. Their average 
deviations for the period are equal. » 

“When the annual data were determined the monthly data were fitted to thdtn. 
These monthly data were based on thft figures of the business index of the American 
Telephone and Telegraph Company and on data for blast furnace .activity from 
1877 to 1919. Monthly data for bank clearings and for stock prices were used from 
1861 to 1877, and those for security and commodity prices from 1815 to 1861. From 
1796 to 1815 the monthly data are based on commodity^prices.”^ The secular trend 
of this index for the period from 1920 to 1937 has been revised for the chart in Exhibit 
158, and, consequently, the position of the curve differs somewhat from that of the 
curve as originally published. 

* INDEX OF BUILDING CYCLES, 1830-1937 

The Index of Building Cycles presented in Exhibit 158, on page 331, and in 
Exhibit 207, on page 533, is designed to show the great swings in building activity in 
the United States for the period since 1830.* This index is based upon per capita 
building values for an increasing number of cities from 1830 to 1900 and a constant 
number since that date. The number is built up, as the data become available, from 
three cities in 1830 to 65 by 1900, and the 65 cities are carried through from 1900 to 
1937, inclusive. 

Building permit data were used as far back as they could be obtained, but for the 
period from 1830 to about 1850 the index is based principally upon other types of data. 
In many instances different sources reported substantially different figures on building 
permits for an individual city. In such instances, what seemed to be the most 
reliable data were selected after a careful study of the various sources and scries. 
In some cases, fragments of series had to be adjusted before they could be spliced* 
together into a homogeneous series. For recent years, only value data are used. 
For the earlier years, only data on number of permits issued are available for several 
cities. These were converted to a value basis for inclusion in the index. 

Beginning with Ne^ York (Manhattan), Boston, and Washington in 1830, cities 
were added to the index as follows: Milwaukee in 1849; Philadelphia in 1855; Indian- 
apolis in 1858;. Baltimore in 1864; Kansas City (Missouri) in 1865; St. Paul in 1867; 
St. Louis in 1868; Denver in 1871; Chicago, Colorado Springs, Bronx, Brooklyn, 
Detroit, and San Francisco in 1874; Louisvfile, Minneapolis, New Orleans, Portland 
(Oregon), and Providence in 1875; Newark and Pittsburgh in 1881; Bridgeport and 
Fall River in 1884; Omaha in 1885; Cincinnati in 1887; Salt Lake City and Worcester 
in 1888; Cleveland and. Seattle in 1889; Duluth and I^s Angeles in 1890; Albany, 


, iFrom*^chart ** American Business Activity since 1790” published by Cleveland 
Trust Company, Cleveland, Ohio. ,, 

* This index was developed by John R. Riggle^pan. 
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Buffalo, and Syracuse in 1802; Memphis in 1893; Galveston in 1895; Atlanta and 
H^ord in 1896; Tampa in 1897; Des Moines, Rochester, and Toledo in 1898; 
Richmond and Quoens (New York) in 1899; and Birmingham, Cambridge, Colum- 
bus, Dayton, Grand Rapids, Houston, Jacksonville, Jersey City, Kansas ,City 
(Kansas), Lowell, Nashville, New Bedford, New Haven, Oakland, Peoria, Reading, 
Richmond, St. Joseph, San Diego, Scranton, Spokane, and Tacoma in 1.900. 

In order to simplify the problem of trend determination and of using an increasing 
number of cities from 1830 to 1900, the permit values and estimates were placed on a 
per capita Basis. The populations of the cities included were estimated as of July 1 
of each year on the basis ofti smoothed logarithmic curve drawn through the popula- 
tion figures of each city for the different decennial census dates. While special adjust- 
ments for territorial annexations were made only in the more important instances, 
wlfich is believed to be a satisfactory procedure for the purposes of this national 
study, it is considered inrportant in analyscjs of local conditions to make careful 
adjustments for all annexations or changes in boundaries which occur between census 
dates. 

The building permit figures and other estimates, stated in terms of value, were 
converted to the equivalent* of 1913 dollars, in order that they might more nearly 
indicate volume. Otherwise the significance of the fluctuations might be obscured, 
owing to the changes in price conditions, especially during the Civil War and World 
War inflation periods. For this purpose, a special iiidc^x of building costs was devised, 
which was based upon a new compilation for the period from 1830 to 1851, the Ameri- 
can Appraisal Company's index mimbers of construction costs for the period from 
1852 to 1903, and the construction cost index of the Engineering News Record, with 
a few modifications, for the period from 1904 to 1937. 

In using the 1830-<1937 index of building costs just described, it is recognized 
that its basis is limited to building-material prices and labor rates and that it may not 
represent any of the other changes that take place in building costs, such as in con- 
tractors’ overhead and profits, financing charges, architects’ fees, technical improve- 
ments in machinery, economy in design, greater prefabrication of materials, and 
cyclical and secular variations in the efficiency of labor and management. These 
factors may vary considerably from time to time, and the changes may not correspond 
to the changes in building-material prices and in total construction costs. If a syn- 
thetic index of this type does not properly reflect the changes in the efficiency of labor 
and management and improvements in the use of materials, its use may cause an 
9 appreciable bias in the secular trend, as discussed later. ^ ^ 

When the data had been expressed as building values per capita, in terms of the 
1913 dollar, a line representing the long-time trend was computed by the method of 
least squares for the period from 1830 to 1933 and projected to 1937. This trend 
increased from $28.72 per capita in 1830 to $31.93 per capita in 1937, which is an 
increase of $3.21 per capita for the entire period or 3 cents per capita per year. Appar- 
ently the declining rate of growth of cities has not yet caused a downward long-time 
trend ip per capita building activity, although it is possible that a fundamental change, 
not yet determinable, has taken place during the last quarter, or even the, last half, of 
the period under consideration. However, too much significance should not be attached 


^ See also James S. Taylor, “Construction Cost Statistics,” Journal of ike American 
Statistical Association, Supplement, Vol. XXIX, No. 185A, pp. 38-42, March 1934; 
and Lowell J. Chawner, “Construction Cost Indexes as Influenced by T&hnologioal 
Change and Other Factors,” Journal of the American StaHalical Aetodation, Sup- 
plement, Vol. 30, pp. 661-676, Sejjtember 1936. 
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to the slope of this trend line, since it is probable that it would be changed somewhat 
by an extension of the period, either backward or forward, or by the addition *of 
cities in* the earlier parts of the period. Furthermore, the elimination of pric6 changes 
by n\eans of a synthetic cost index, based upon fixed amounts of labor and materials, 
might affect the trend slope. It is possible that the cumulative upward bias in such 
an index may become very considerable over a period of twenty years f)r more.^ 
If a cumulative upward bias does exist in the cost index used, it means'that the per 
capita trend of actual building since 1830 should have a correspondingly greater 
upward slope. 

The above qualifications apply to any interpretationi^that might be made of the 
secular trend. The objective of this particular study, however, is to Show cycles, 
and the secular trend has been eliminated. Since any trend •that is indirectly elimi- 
nated by a steadily accumulating bias in the cost index simply reduces the slope^of 
the trend that is directly eliminated, the cycles in as erratic a series as the one under 
consideration would not be affected to any practical extent by a secular bias in the 
cost index. 

When the building cycle curve is stated in terms of percentage deviations from 
the normal trend, it appears as shown in Exhibit 158, on page 331, and Exhibit 207, on 
page 533. 

While many questions may be raised and many criticisms may be made, it is 
believed, nevertheless, that the index discussed above is a reasonable indicator of the 
nation’s building cycles.* However, no interpretation should be made without 
due cemsideration of the limitations and qualifications of the data. Although the 
cities used in making up the index are believed to be generally representative, it is 
possible that they may not be representative enough for some purposes. For an 
area with a higher rate of growth than the average of the cities included, the index 
may not be sensitive enough and the fluctuations may not be wide enough, while for 
an area with a lower rate of growth the fluctuations may be too extreme. It is also 
possible that the inaccuracies of the original data may throw the index curve some- 
what out of line, especially in regard to the minor cycles. The estimates for the 
early part of the period are not rigid and may not be accurate enough for certain 
purposes, especially in regard to the amplitude of the resulting cycles. Furthermore, 
the construction cost index may not be as representative as it should be for the 
. particular group of cities used. In spite of all of the qualifications pointed out, how- 
ever, it is believed that the building cycle index presents a reasonably good picture 
of the fluctuations in building activity in the .United States during the past 108 years. , 


* See opinion of James S. Taylor, formerly Chief of the Division of Building and 
Housing, United States Department of Commerce, and now Associate Director, 
Division of Research, Federal Housing Administration, in Building Cycles in the 
United States” by John R. Riggleman, Journal of the American Statiatical Aeaocialion, 
Vol. XXVIII, No. 182, June]l933, p. 79. 

* The building cycle index described above has been compared with a nuihber of 
other indexes of building activity for periods since 1875 in an independent study by 
Geor^ F. Warren and Frank A. Pearson. A remarkably close correspondence was 
fotfiid in the general movengients of the cycles as indicated by the different indexes. 
See Warren and Pearson, ‘’World. Prices and the Building Industry,” John Wiley 
& Sons, New York, 1937, Chap. VI, particularly p. 108. 
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The processes of multiplication, division, raising to powers, and extracting roots 
are greatly facilitated by, the use of logarithms. By merely substituting the 
logarithms fcpr the numbers, the problem of multiplication becomes one of addition, 
that of division becomes^one of subtraction, that of raising to a power becomes one of 
simple multiplication, and that of extracting a root becomes one of simple division. 
The use of logarithms is o(ten looked upon as^omething strange and complicated by 
those who are not mathematically trained. As a nVatter of fact, however, it is much 
easier to use logarithmic tables than it is to use many of the interest and other tables 
commonly used by business Inen. 

Common or Briggs Logarithms. — ^The logarithms referred to in this discussion, are 
the Common or Briggs Ijogarithms, which are logarithms to the base 10. That is, 
if natural numbers are regarded as powers of 10, the exponents of the powers are the 
logarithms of the numbers.^ 

Logarithms Briefly Explained.— The logarithms of 1, 10, 100, 1000, etc., and of 
0.1, 0.01, 0.001, 0.0001, etc., are integral numbers. The logarithms of all other 
numbers are fractions. That is: 


1 = 10® hence log 1=0; 

10 = 10^ hence log 10 = 1; 

100 = 10® hence bg 100 = 2; 

1,000 = 10® hence log 1,000 = 3; 


0.1 = 10-1 hence log 0. 1 » — 1; 

0.01 = lO”® hence log 0.01 = —2; 

0.001 = 10“® hence log Q. 001 = 3] 

and so on.® 


If the number is between 1 and 10, the logarithm is between 0 and 


it 

If 

If 

10 ” 

100, 

If 

If 

1 

9f 

11 

If 

100 

1,000, 

If 

II 

2 ” 


fi 

• If 

1 

0.1, 

II 

If 

0 ” 


II 

If 

0.1 ” 

0.01, 

II 

If 

-1 ” 


And BO on. 



, If the number is less than 1, the logarithm is negative, but it is written in such a 
form that the fractional part is always positive. A logarithm, therefore, consists of 
two parts — & positive or negative integral number, which is called the characteristic, and 
a positive proper fraction which is called the mantissa. . Thus, in the logarithm 5.66296, 
the integral number 5 is the characteristic, and the fraction .66206 is the mantissa. 

In determining and using the characteristics of logarithms, the following rules 
are helpful: 

To determine the characteristic when given a certain number; 

If the number is greater than 1, the characteristic of the logarithm is one less 
than the number of digits to the left of the decimal point. 

If the number is less than 1, the characteristic (which is negative) is one greater 
ihfin the number of zeros between the decimal point and the first significant 
figure of the given number. 

1 In the more advanced mathematical work, it is sometimes necessary to use the 
I^tural or Napierian Logarithms, in which the base is e = 2.71828. 

* The expression '"log 10 1 ” means that the logarithm of 10 is 1. For the sake 

of bravity “logarithm of” is state! simply as “log.” 
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To point off a certain number when given its logarithm: 

. If the characteristic is positive, the number of digits in the integral part of the 
corresponding number is one greater than the characteristic. «• * 

,If the characteristic is negative, the number of zeros between the decimal 
ix>int and the first significant figure of the corresponding number is one less 
than the characteristic. « o 

From the above- it follows that: 

0 ; . 

1 ; 

2 ; c 

3; 

« 

- 1 ; 

- 2 ; 

-3; 

' When stating a logarithm which has a negative characteristic, the minus sign is 
placed above the characteristic to show that it alone is negative. Thus the logarithm 
of 0.0009283 is 4.96769, which means —4 + 0.96769, or 0.96769 — 4. It should not 
be written —4.96769 because the minus sign would then indicate that both charac- 
teristic and mantissa were negative, when, as previously pointed out, the mantissa 
should always be considered as positive. 

In order to simplify computations involving negative characteristics, 10 is usually 
added to the characteristic and subtracted at the right of the mantissa. Thus 3.96886 
is expressed 7.96886 — 10. (Computations involving negative characteristics are 
illustrated on pages 643 and 644.) 

The characteristic of a number is ordinarily determined by inspection, but the 
mantissa is found by referring to the tables. Strictly speaking a table of logarithms 
of natural numbers ” is a table of mantissas.^ Thus if we wish to know the logarithm 
of 892.1, we know by inspection that the characteristic is 2, and we find by referring 
to the tables that the mantissa is 95041. (The first three places of the number are 
read in the column designated '^No.” and the fourth is read in the row at the top, the 
desired mantissa being' found on page 663 in the row opposite 892 and in the column 
headed ^'1.”). The logarithm, therefore, of 892.1 is 2.95041. Conversely, if we have 
the logarithm 2.95041 and we wish to know the natural number (or antilogarithm) < 
that it represents, we locate the mantissa 95041 and find the number 8921. We know 
froin.the logarithm that this number should be pointed off with a characteristic of 
2 (with 3 digits to the left of the decimal point) and that, therefore, the desired number 
is 892.1. 

Logarithms of the numbers that can be derived one from the other by multiplying 
or dividing by an integral power of 10 all have the same mantissa. Only the charac- 
teristics differ. Thus: ^ 


The characteristic of all numbers from 1 to 9 inclusive is 

10 to 99^ 

” » ” 100 to 999 

” ” ” 1,000 to 9,999 

and so on; and that 

the characteristic of all numbers frqm 0.1 to 0.9 inclusive is 

0.01 to 0.09 

” ” » 0.001 to 0.009 

and so on. 


The logarithm of 6,742 
The logarithm of 674.2 
The logarithm of 67.42 
The logarithm of - . 6.742 
The logarithm of 0 . 6742 
and so on. 


is 3.82879; 
is 2.82879; 
is 1.82879; 
is 0.82879; 
is 1.82879; 


/ } Sometames a. summary, table of charaf^ristiesiis mcludedi but it is not ordinarily 
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^ Interpolation. — ^The logarithmic tables in this book (pages 729 to 747) provide for 
numbers of four digits. If the number under consideration han more than four- 
significant figures/a process called interpolation is required. Interpolation *iB based 
upon the assumption that the change between two consecutive mantisaas in thie* table 
is directly proportional to the change in the number. Suppose, for instance, that we 
require the logarithm of 34053. The required mantissa is the same as the mantissa for 
3406 . 3. Hence it can be found by adding to the mantissa of 8405, three-tenths of 
the difference between the mantissas for 3405 and 3406. These mantissas are 
53212 and 53224, respectively, and the difference is 12. Therefore, the mantissa for 
3405.3 is 53212 -f- (0.3 xTL 2), or 532156, and the required logarithm of 34053 is 
4.532156. ' 

^ If, when looking up* antilogarithms, a given mantissa cannot be found in the table, 
find the two mantissas between which the given mantissa lies. The four figures of 
the number corresponding to the smaller of these two mantissas will be the first four 
figures of the required number. The additional digits are determined (when neces- 
sary) by interpolation as follows: Suppose that we wish to find the number correspond- 
ing to the logarithm 2.4S508. The two mantissas in the table adjacent to the given 
mantissa are .48501 and .48515. The corresponding numbers are 3055 and 3056. 
The smaller of these contains the first four digits of the required number. The 
difference between the numbers (3055 and 3056) is 1, and the difference between the 
corresponding mantissas (48501 and 48515) is 14. The difference between the smaller 
of these adjacent mantissas (48501) and the given mantissa of the problem (48508) 
is 7. Hence, the amount to be added to 3055 is /c of 1 or 0.5, and the fifth digit of 
the required number is 5. Therefore, the number corresponding to the logarithm 
2.48508 is 305.55.^ 

Computation by Logarithms. — ^The following simple examples are presented to 
ifidicate the processes to be followed in multiplication, division, raising to powers, 
and extracting roots: 

Midtiplication . — ^To find the product of two or more numbers, find the sum of their 
logarithms and then look up the number of which this sum is the logarithm. (The 
sum of the logarithms of a scries of numbers is the logarithm of their product.) Thus: 

(1) Multiply 37.49 X 4.299. 

log 37.49 = 1.57392 
log 4.299 = 0.63337 


log of desired product = . 2 . 20729 

.*. product (natural number) = 161.2. 

(2) Multiply 34053 X 0.08142. 

log 34053 = 4.53216 
log 0.08142 = 2.91073 = 8.91073 - 10 

• log of desired product = 13 . 44289 — 10 

or = 3.44289 

.’. product (natural number) = 2773. 

Diwsion.— To find the quotient of two numbers, subtract the logarithm of the 
divisor from the logarithm of the dividend. The difference is the logarithm of the 
quotient. Thus: • 

• » In s ome ta h1 « s of logarithms, tobies of proportional parts are included, but, with* 
a Uttle practioe, the additional figures can be determined about as raindly without 
tbem. Thmr omisrion leai^ee more space for otiier purposes. 
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(i). Solve 42721 + 6732. 

log 42.721 - 1.630631 
log 6.732 « 0.828144 

log of quotient » 0.802487 
quotient » 6.346. 

' Rawing, to Powors . — ^To raise a number to a certain power, multiply the logarithm 
of the number by the exponent of the power; the resulting product is tHe logarithm 
of the required power. Thus: » 

(1) Find the square of 428.7. 

log 428.7 = 2.63216 
, ; « multiply by 2 2 

. c • 

log of square 

. y. .'.square 

.(2) Find the cube of 0.004287. 

log 0.004287 = 
multiply by 3 

log of cube = 22.89645 — 30 
= 8.89645 

.-.cube = 0.00000007879. 

Rxtracling Root — ^To find a certain root of a number, divide the logarithm of the 
number by the index of the root, the quotient obtained is the logarithm of the required 
root. . Thus: . 

(1) find the square root of 6436. 

log 6436 = 3.80862 

" divide by 2 2)3.80862 

log of square root = 1.90431 

.*. square root = 80.225. 

(2) Find the 17th root of 78240. 

log 78240 - 4.89343 

, divide by 17 17 )4.89343 

log of 17th root = 0.28785 

.M7th root= 1.9-i63 

Oeomeiric Mean , — ^To find the geometric mean extract the nth root of the product 
of n items. Thus: 

Determine the geometric mean of 209, 3199, 42940, 485, 594, and 6494. (Multiply 
the six items together and extract the 6th root.) 


log 209 = 

2.32015 

log 3199 » 

3.60501 

log 42940 » 

4.63286 

log 485 = 

2.68574 

log 594 « 

2.77379 

log 6494 » 

3.81251 

log of product 

lj9.73006 

divide by 6 . 

0)^1978006 

log of l&sftn 

. .8.28834 


geometiie mean «K494ffi.44 


= 5.26430 
= 183i^784. 

t 

7.63215 - 10 
3 
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Exercises 

1. S^te the chttrscteristic for each of the following numbers; 


934 

764.53 

0.7248 

5083217 

4623 

3.7892 

0.0006 

0.74683 

24* 

12.364 

1000.1 

0.00001 

7 

• 

7582.8 

0.0072 

0.00232 

2. If log 25 = 

• 

1.39794 “give the logarithms of the following: 


250 

• 250000 

2.5 

0.0025 

2500 

2500000 

0.25 

0.00025 

25000 

^25000000 j 

0.025 

0.000025 

3. Given the following numbers, check the accompanying logarithms and deter- 

mine which are correct: 



Numbers 

• 

Logarithms > 

Numbers 

Logarithms 

2754 

3.43996 

0.8391 

1.92381 

3053 

3.48473 

76.49 

1.85309 

345.9 

2.33895 

628.1 

3.79803 

514 

2.71096 

10.01 

1.00043 

4. Given the following logarithms check the accompanying numbers and determine 

which are correct; 




Ijogarithms 

Numbers 

Ix>garithms 

Numbers 

2.63789 

434.4 

3.93847 

8769 

0.70689 

0.5092 

1.24279 

14.36 

3.80963 

6451 

1.28870 

19.44 

2.85425 

71.49 

2.49066 

309.5 

5. State the logarithms of the following numbers; 


2947 

7.823 

0.8462 

76832 

86.53 

496.8 

0.9864 

• 41697 

2184 

9682 

0.0026 

82348 * 

765.1 

3.127 

0.0007 

17646 

Note; — ^T he last column above requires interpolation. 


6. State the numbers corresponding to the following logarithms: 

• 1.33062 

0.85058 

0.86314 

1.86073 

3.46864 

1.58535 

2.59006 

0.58108 

5.73584 

0.08941 

3.45163 

2.44065 

2.79204 

1.60108 

1.52466 

3.59643 

Note; — ^T he last column above requires interpolation. 


7. Compute the following: 



134 X 183 

7446 X 8371 

1.6225 X 0.7214 

264 X 321 

66.56 X 28.31 

0.1662 X 0.6215 

567 X 184 

. 4.527 X 897.6 

0.0071 X0.0042 



« business statistics 

8. Compute the following: 

144 -4- 12 8721 -I- 7834 

143,^ 13 68.33 -1-29.38 

' 783 + 19 4.631 -*-2.716 

9. Find the following: 

Square of 8797 
Cube of 9688 

10. Find the following: 

Square root of 7968 
Cube root of 9879 


4762 +8216* 
27.34 + 0.062 
0.0062 + 0.0034 


4th power of 7368 
9th power of 6979 


5th root of 8697 
19th root of 6799 



• 







• 






TABLE OF 





» 


the common or BRIGGS 






' logarithms 






OF THE NATURAL NUMBERS 

• 






FROM 

1 TO 1000 








1-100 



; 


No. 

Log. 

No. 

Log. 

No 

Log. 

No 

Log. 

No. 

Log. 

0 


80 

1.30 103 

40 

1.60 206 

eo 

1.77 815 

80 

1.90 309 

1 

0.00 000 

21 

1.32 222 

41 

1.61 278 

61 

1.78 533 

81 

1.90 849 

2 

0.30 103 

22 

1.34 212 

42 

1.62 325 

62 

1.79 239 

82 

1.91 381 

3 

0.47 712 

23 

1.36 173 

43 

1.G3 347 

63 

1.79 934 

83 

1.91 908 

4 

0.60 206 

24 

1.38 021 

44 

1.64 345 

64 

1.80 618 

84 

1.92 428 

5 

0.69 897 

25 

1.39 794 

45 

1.65 321 

65 

1.81 291 

85 

1.92 942 

6 

0.77 815 

26 

1.41 497 

46 

1.66 276 

66 

1.81 954 

86 

1.93 450 

7 

0.84 510 

27 

1.43 136 

47 

1.67 210 

67 

1.82 607 

87 

1.93 952 

8 

0.90 309 

28 

1.44 716 

48 

1.68 124 

68 

1.83 251 

88 

1.94 448 

9 

0.95 424 

29 

1.46 240 

49 

1.69 020 

69 

1.83 885 

89 

1.94 939 

10 

1.00 000 

SO 

1.47 712 

SO 

1.69 807 

70 

1.84 510 

• 

90 

1.95 424 

11 

1.04 139 

31 

1.49 136 

51 

1.70 757 

71 

1.85 126 

91 

1.95 904 

12 

1.07 918 

32 

1.50 515 

52 

1.71 600 

72 

1.85 733 

92 

1.90 379 

13 

1.11 394 

33 

1.51 851 

53 

1.72 428 

73 

1.86 332 

93 

1.90 848 

14 

1.14 613 

34 

1.53 148 

54 

1.73 239 

74 

1.86 923 

94 

1.97 313 

15 

1.17 609 

35 

1.54 407 

55 

1.74 036 

75 

1.87 506. 

95 

1.97 772 

16 

1.20 412 

36 

1.55 630 

56 

1.74 819 

76 

1.88 081 

96 

1.98 227 

17 

1.23 045 

37 

1.56 820 

57 

1.75 587 

77 

1.88 649 

97 

1.98 677 

1» 

1.25 527 

38 

1.57 978 

58 

1.76 343 

78 

1.89 209 

98 

1.99 123 

19 

• 

1.27 875 

39 

1.59 106 

59 

1.77 085 

79 

1.89 703 

99 

1.99 564 

ao 

1.30 103 

40 

1.60 206 

60 

1.77 815 

80 

1.90 309 

100 

2.00 000 


1-100 
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No. 


0 


1 


2 


3 


4 


5 


6 


'7 


i 

8 


9 

100 

00 

000 

00 

043 

00 

087 

00 

130 

00 

173 

00 

217 

00 

260 

00 

303 

00 

346 

00 

389 

101 

00 

432 

00 

475 

00 

518 

00 

561 

00 

604 

00 

647 

00 

689 

00 

732 

00 

775 

00 

817 

102 

00 

860 

00 

903 

00 

945 

00 

988 

01 

030 

01 

072 

01 

115 

01 

157 

01 

199 

01 

242 

103 

01 

284 

01 

326 

01 

368 

01 

410 

01 

452 

01 

494 

01 

536 

01 

578 

01 

620 

01 

662 

104 

01 

703 

01 

745 

01 

787 

01 

828 

01 

870 

01 

912 

01 

953 

01 

995 

02 

036 

02 

078 

105 

02 

119 

02 

160 

02 

202 

02 

243 

02 

284 

02 

325 

02 

366 

02 

407 

02 

449 

02 

490 

106 

02 

531 

02 

672 

02 

612 

02 

653 

02 

694 

02 

735 

02 

776 

02 

816 

OJ? 

857 

02 

898 

107 

02 

938 

02 

979 

03 

019 

03 

060 

03 

100 

03 

141 

03 

181 

03 

222 

03 

262 

03 

302 

108 

03 

342 

03 

383 

03 

423 

03 

463 

03 

503 

03 

543 

03 

583 

03 

623 

03 

663 

03 

703 

109 

03 

743 

03 

782 

03 

822 

03 

862 

03 

902 

03 

941 

03 

981 

04 

021 

04 

060 

04 

lOO 

110 

04 

139 

04 

179 

04 

218 

04 

258 

04 

297 

04 

336 

04 

'376 

04 

415 

04 

464 

04 

493 

111 

04 

532 

04 

571 

04 

610 

04 

050 

04 

689 

04 

727 

04 

766 

04 

805 

04 

844 

04 

883 

112 

04 

922 

04 

961 

04 

999 

05 

038 

05 

077 

05 

115 

05 

154 

05 

192 

05 

231 

05 

269 

113 

05 

308 

05 

346 

05 

385 

05 

423 

05 

461 

05 

500 

05 

538 

05 

576 

05 

614 

05 

652 

114 

05 

690 

05 

729 

06 

767 

05 

805 

05 

843 

05 

881 

05 

918 

05 

956 

05 

994 

06 

032 

115 

06 

070 

06 

108 

06 

146 

06 

183 

06 

221 

06 

258 

06 

296 

06 

333 

06 

371 

06 

408 

116 

06 

440 

06 

483 

06 

521 

06 

558 

06 

595 

06 

633 

06 

670 

06 

707 

06 

744 

06 

781 

117 

06 

819 

06 

856 

06 

893 

06 

930 

06 

967 

07 

004 

07 

041 

07 

078 

07 

115 

07 

151 

118 

07 

188 

07 

225 

07 

262 

07 

298 

07 

335 

07 

372 

07 

408 

07 

445 

07 

482 

07 

518 

119 

07 

555 

07 

591 

07 

628 

07 

664 

07 

700 

07 

737 

07 

773 

07 

809 

07 

846 

07 

882 

110 

07 

918 

07 

964 

07 

090 

08 

027 

08 

063 

08 

009 

08 

135 

08 

171 

08 

207 

08 

243 

121 

08 

279 

08 

314 

08 

350 

08 

386 

08 

422 

08 

458 

08 

493 

08 

520 

08 

565 

08 

600 

122 

08 

636 

08 

672 

08 

707 

08 

743 

08 

778 

08 

814 

08 

840 

08 

884 

08 

020 

08 

955 

123 

08 

991 

09 

026 

09 

061 

09 

096 

09 

132 

09 

167 

09 

202 

00 

237 

09 

272 

09 

307 

124 

09 

342 

09 

377 

09 

412 

09 

447 

09 

482 

09 

517 

09 

552 

09 

587 

09 

621 

09 

656 

125 

09 

691 

09 

726 

09 

760 

09 

795 

09 

830 

09 

864 

09 

890 

09 

934 

00 

968 

10 

003 

126 

10 

037 

10 

072 

10 

106 

10 

140 

10 

175 

10 

209 

10 

243 

10 

278 

10 

312 

10 

346 

J27 

10 

380 

10 

415 

10 

449 

10 

483 

10 

.517 

10 

551 

10 

585 

10 

610 

10 

653 

10 

687 

128 

10 

721 

10 

755 

10 

789 

10 

823 

10 

857 

10 

890 

10 

024 

10 

058 

10 

992 

11 

025 

129 

11 

059 

11 

093 

11 

126 

11 

160 

11 

193 

11 

227 

11 

261 

11 

294 

11 

327 

11 

361 

' liO 

11 

394 

11 

428 

11 

461 

11 

494 

n 

528 

11 

561 

11 

504 

11 

628 

11 

661 

11 

694 

• 131 

11 

727 

11 

760 

11 

793 

11 

826 

11 

860 

11 

893 

11 

926 

11 

959 

11 

992 

12 

024 

132 

12 

057 

12 

090 

12 

123 

12 

150 

12 

189 

12 

222 

12 

254 

12 

287 

12 

320 

12 

352 

.133 

12 

385 

12 

418 

12 

450 

12 

483 

12 

510 

12 

548 

12 

581 

12 

013 

12 

046 

12 

678 


12 

710 

12 

743 

12 

775 

12 

808 

12 

840 

12 

872 

12 

905 

12 

937 

12 

909 

13 

001 

135 

13 

033 

13 

066 

13 

098 

13 

130 

13 

162 

13 

194 

13 

226 

13 

258 

13 

290 

13 

322 

136 

13 

354 

13 

386 

13 

418 

13 

450 

13 

481 

13 

513 

13 

545 

13 

577 

13 

600 

13 

640 

137 

13 

672 

13 

704 

13 

735 

13 

767 

13 

799 

13 

830 

13 

802 

13 

893 

13 

925 

13 

956 

138 

13 

988 

14 

019 

14 

051 

14 

082 

14 

114 

14 

145 

14 

176 

14 

208 

14 

230 

14 

270 

139 

14 

301 

14 

333 

14 

364 

14 

395 

14 

420 

14 

457 

14 

480 

14 

520 

14 

651 

U 

582 

140 

14 

613 

14 

644 

14 

675 

14 

706 

14 

737 

14 

768 

14 

709 

14 

829 

14 

800 

14 

891 

141 

14 

922 

14 

953 

14 

083 

15 

014 

15 

045 

15 

076 

15 

106 

15 

137 

15 

108 

15 

198 

142 

15 

229 

15 

259 

16 

200 

15 

320 

15 

351 

15 

381 

15 

412 

15 

442 

15 

473 

15 

503 

143 

15 

534 

15 

564 

15 

594 

15 

625 

15 

655 

15 

685 

15 

715 

15 

746 

15 

776 

15 

806 

144 

15 

836 

15 

866 

15 

807 

15 

927 

15 

957 

15 

987 

16 

017‘ 

16 

047 

16 

077 

16 

107 

145 

16 

137 

16 

167 

16 

197 

16 

227 

16 

256 

16 

286 

16 

316\'. 

16 

346 

16 

376 

16 

406 

146 

• 16 

'435 

16 

465 

16 

495 

16 

524 

16 

554 

16 

584 

16 

613 

16 

643 

16 

673 

16 

702 


16. 

732 

16 

761 

16 

791 

16 

820 

16 

850 

16 

879 

16 

909.. 

16 

938 

16 

967 

16 

997 

. 148 

17 

02.6 

17 

066*' 

17 

085 

17 

114 

17 

143 

17 

173 

17 

202®’ 

17 

231 

17 

260 

17 

289 

-449 

17 

319 

17 

348 

17 

377 

17 

406 

17 

435 

17 

464 

17 

493 

17 

522 

17 

651 

17 

680 

No. 


0 

f 


1 


2 


3 


4 


5 


6 


7 


8 


9 


■ C' 
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160-199 


No. 


■ 

• 

1 


2 


3 


4 


5 


6 


7 


8 * 


9 

100 

•M 

600 

17 

638 

17 

667 

17 

696 

17 

725 

17 

754 

17 

782 

17 

811 

17 

840 

17 

869 

151 

17 

808 

17 

926 

17 

055 

17 

984 

18 

013 

18 

041 

18 

070 

18 

099 

18 

127 

18 

156 

162 

18 

*184 

18 

213 

18 

241 

18 

270 

18 

298 

18 

327 

18 

355 

18 

384 

18 

412 

18 

441 

163 

18 

469 

18 

498 

18 

526 

18 

554 

18 

583 

18 

611 

18 

639 

18 

667 

18 

696 

18 

724 

164 

16 

762 

18 

780 

18 

808 

18 

837 

18 

865 

18 

803 

18 

921 

18 

949 

18 

977 

19 

006 

155 

10 

033 

19 

061 

IS* 089 

19 

117 

10 

145 

19 

173 

19 

201 

19 

220 

19 

257 

19 

285 

1.66 

10 

.312 

10 

340 

10 

368 

19 

396 

19 

424 

19 

451 

10 

479 

19 

507 

19 

535 

19 

562 

167 

10 

600 

10 

618 

10 

645 

19 

673 

10 

700 

19 

728 

19 

766 

19 

783 

19 

811 

19 

838 

158 

19 

866 

19 

893* 

10 

921 

19 

948 

19 

976 

20 

003 

20 

030 

20 

058 

20 

085 

20 

112 

mm 

20 

140 

20 

167 

20 

104 

20 

222 

20 

249 

^20 

276 

20 

303 

20 

330 

20 

358 

20 

386 

160 

20 

412 

20 

430 

2f) 

466 

20 

493 

20 

526 

20 

548 

20 

575 

20 

602 

20 

629 

20 

656 

161 

20 

683 

20 

710 

20 

737 

20 

763 

20 

790 

20 

817 

20 

844 

20 

871 

20 

898 

20 

926 

162 

20 

052 

20 

978 

21 

005 

21 

032 

21 

059 

21 

085 

21 

112 

21 

139 

21 

165 

21 

192 

163 

21 

219 

21 

245 

21 

272 

21 

299 

21 

325 

21 

352 

21 

378 

21 

405 

21 

431 

21 

458 

164 

21 

484 

21 

511 

21 

537 

21 

504 

21 

500 

21 

617 

21 

643 

21 

600 

21 

606 

21 

722 

165 

21 

748 

21 

776 

21 

*801 

21 

827 

21 

854 

21 

880 

21 

906 

21 

932 

21 

058 

21 

986 

166 

22 

Oil 

22 

037 

22 

063 

22 

080 

22 

115 

22 

141 

22 

167 

22 

104 

22 

220 

22 

246 

167 

22 

272 

22 

208 

22 

324 

22 

3.50 

22 

376 

22 

401 

22 

427 

22 

453 

22 

479 

22 

505 

168 

22 

531 

22 

557 

22 

583 

22 

008 

22 

634 

22 

060 

22 

686 

22 

712 

22 

737 

22 

763 

160 

22 

789 

22 

814 

22 

840 

22 

806 

22 

891 

22 

917 

22 

043 

22 

968 

22 

904 

23 

019 

170 

23 

046 

23 

070 

23 

006 

23 

121 

23 

147 

23 

172 

23 

108 

23 

223 

23 

240 

23 

274 

171 

23 

300 

23 

325 

23 

350 

23 

376 

23 

401 

23 

426 

23 

452 

23 

477 

23 

502 

23 

528 

172 

23 

553 

23 

578 

23 

603 

23 

629 

23 

654 

23 

670 

23 

704 

23 

729 

23 

754 

23 

779 

173 

23 

806 

23 

830 

23 

855 

23 

880 

23 

905 

23 

930 

23 

955 

23 

080 

24 

005 

24 

030 

174 

24 

056 

24 

080 

24 

105 

24 

130 

24 

155 

24 

180 

24 

204 

24 

220 

24 

254 

24 

279 

176 

24 

304 

24 

329 

24 

353 

24 

378 

24 

403 

24 

428 

24 

452 

24 

477 

24 

502 

24 

527 

176 

24 

651 

24 

676 

24 

601 

24 

625 

24 

650 

24 

674 

24 

699 

24 

724 

24 

748 

24 

773 

177 

24 

797 

24 

822 

24 

846 

24 

871 

24 

895 

24 

020 

24 

044 

24 

069 

24 

993 

25 

018 

178 

26 

042 

25 

066 

25 

001 

25 

115 

25 

139 

25 

164 

25 

188 

25 

212 

25 

237 

25 

261 

179 

25 

285 

25 

310 

25 

334 

25 

358 

25 

382 

25 

406 

25 

431 

25 

455 

25 

479 

25 

503 

180 

25 

527 

25 

551 

25 

575 

25 

600 

25 

624 

25 

648 

25 

672 

25 

696 

25 

720 

25 

744 

181 

25 

768 

25 

792 

25 

816 

25 

840 

25 

864 

25 

888 

25 

012 

25 

935 

25 

050 

25 

983 

182 

26 

007 

26 

031 

26 

055 

26 

079 

26 

102 

26 

126 

26 

150 

26 

174 

26 

108 

26 

221 

183 

26 

245 

26 

200 

20 

293 

26 

316 

26 

340 

26 

364 

26 

387 

26 

411 

26 

435 

26 

458 

184 

26 

482 

26 

605 

26 

620 

26 

553 

26 

576 

26 

600 

26 

623 

26 

647. 

26 

670 

26 

694 

185 

26 

717 

26 

741 

26 

764 

26 

788 

26 

811 

26 

834 

26 

00 

26 

881 

26 

005 

26 

928 

186 

26 

951 

26 

975 

26 

998 

27 

021 

27 

045 

27 

068 

27 

091 

27 

114 

27 

138 

27 

161 

187 

27 

184 

27 

207 

27 

231 

27 

254 

27 

277 

27 

300 

27 

323 

27 

346 

87 

370 

27 

393 

188 

27 

416 

27 

439 

27 

402 

27 

485 

27 

508 

27 

531 

27 

554 

27 

577 

27 

600 

27 

623 

189 

27 

646 

27 

669 

27 

692 

27 

715 

27 

738 

27 

761 

27 

784 

27 

807 

27 

830 

27 

852 

100 

27 

876 

27 

898 

27 

921 

27 

944 

27 

907 

27 

980 

28 

012 

28 

035 

28 

0.58 

28 

081 

101 

28 

103 

28 

126 

28 

149 

28 

171 

28 

194 

28 

217 

28 

240 

28 

262 

28 

285 

28 

307 

102 

28 

330 

28 

353 

28 

375 

28 

308 

28 

421 

1 28 

443 

28 

466 

28 

488 

28 

511 

28 

533 

193 

28 

656 

28 

678 

28 

601 

28 

623 

28 

646 

28 

668 

28 

691 

28 

fl3 

28 

735 

28 

758 

194 

28 

780 

28 

803 

28 

825 

28 

847 

28 

870 

28 

892 

28 

914 

28 

937 

28 

059 

28 

981 

195 

29 

003 

29 

026 

29 

048 

29 

070 

29 

092 

29 

115 

20 

137 

29 

150 

20 

181 

29 

203 

* 196 

20 

226 

29 

248 

20 

270 

29 

292 

29 

314 

29 

336 

20 

358 

20 

380 

20 

403 

29 

426 

197 

29 

447 

29 

469 

20 

491 

29 

513 

29 

535 

29 

557 

29 

579 

29 

601 

20 

623 

29 

646 

108 

29 

667 

29 

688 

29 

710 

29 

732 

20 

754 

20 

776 

29 

798 

29 

820 

20 

842 

29 

863 

190 

20 

885 

29 

907 

29 

029 

20 

951 

29 

973 

29 

904 

30 

016 

30 

038 

30 

060 

30 

081 

No. 

1 

1 ■ 

0 


1 


2 


3 


4 


5 


6 


B 

1 

B 


9 


160-199 














782 


BUSINESS STATISTICS 


200-249 


No. 

1 

0 


1 


2 


3 


4 


5 


6 


V 


8 • 


0 

■11 

30 

103 

30 

125 

30 

146 

30 

168 

30 

190 

30 

211 

30 

233 

30 

255 

30 

276 

30 

298 

201 

30 

320 

30 

341 

30 

363 

30 

384 

30 

406 

30 

428 

30 

440 

30 

471 

30 

k9S 

30 

514 

202 

30 

535 

30 

557 

30 

578 

30 

600 

30 

621 

30 

643 

30 

664 

30 

685 

30. 

707 

30 

728 

203 

30 

750 

30 

771 

30 

702 

30 

814 

30 

835 

30 

856 

30 

878 

30 

809 

30 

920 

30 

042 

204 

30 

963 

30 

984 

31 

006 

31 

027 

31 

048 

31 

069 

31 

001 

31 

112 

31 

133 

31 

154 

205 

31 

175 

31 

197 

31 

218 

31 

239 

31 

260 

31 

281 

31 ( 

,302 

31 

323 

31 

345 

31 

366 

206 

31 

387 

31 

408 

31 

429 

31 

450 

31 

471 

31 

492 

31 

513 

31 

534 

31 

555 

31 

576 

207 

31 

597 

31 

618 

31 

639 

31 

660 

31 

681 

31 

702 

31 

723 

31 

744 

31 ‘ 

765 

31 

785 

208 

31 

806 

31 

827 

31 

848 

31 

8601 

31 

890 

31 

on 

31 

031, 

31 

052 

31 

973 

31 

004 

209 

32 

015 

32 

035 

32 

056 

32 

077 

32 

098 

32 

118 

32 

139 

32 

160 

32 

181 

32 

20.1 

SIO 

32 

222 

32 

243 

32 

263 

32 

284 

<32 

305 

32 

325 

32 

346 

32 

366 

32 

387 

32 

408 

211 

32 

428 

32 

449 

32 

469 

32 

490 

32 

510 

32 

531 

32 

552 

32 

572 

32 

593 

32 

613 

212 

32 

634 

32 

654 

32 

675 

32 

695 

32 

715 

32 

736 

32 

756 

32 

777 

32 

797 

32 

818 

213 

32 

838 

32 

858 

32 

870 

32 

899 

32 

919 

32 

040 

32 

060 

32 

080 

33 

001 

33 

021 

214 

33 

041 

33 

062 

33 

082 

33 

102 

33 

122 

33 

143 

33 

163 

33 

183 

33 

203 

33 

224 

215 

33 

244 

33 

264 

33 

284 

33 

304 

33 

325 

33 

345 

33 

365 

33 

385 

'33 

405 

33 

425 

216 

33 

445 

33 

465 

33 

486 

33 

506 

33 

526 

33 

546 

33 

566 

33 

586 

33 

606 

33 

626 

217 

33 

646 

33 

666 

33 

686 

33 

706 

33 

726 

33 

746 

33 

766 

33 

786 

33 

806 

33 

826 

218 

33 

846 

33 

866 

33 

885 

33 

005 

33 

025 

33 

045 

33 

065 

33 

985 

34 

005 

34 

025 

iio 

34 

044 

34 

064 

34 

084 

34 

104 

34 

124 

34 

143 

34 

163 

34 

183 

34 

203 

34 

223 

220 

34 

242 

34 

262 

34 

282 

34 

301 

34 

321 

34 

341 

34 

361 

34 

380 

34 

400 

34 

420 

221 

34 

439 

34 

450 

34 

470 

34 

498 

34 

518 

34 

537 

34 

557 

34 

577 

34 

596 

34 

616 

222 

34 

635 

34 

655 

34 

674 

34 

694 

34 

713 

34 

733 

34 

753 

34 

772 

34 

792 

34 

811 

223 

34 

8.30 

34 

850 

34 

860 

34 

889 

34 

908 

34 

928 

34 

047 

34 

967 

34 

986 

35 

005 

224 

35 

025 

35 

044 

35 

064 

35 

083 

35 

102 

35 

122 

35 

141 

35 

160 

35 

180 

35 

199 

225 

35 

218 

35 

238 

35 

257 

35 

276 

35 

205 

35 

315 

35 

334 

35 

353 

35 

372 

35 

392 

226 

35 

411 

35 

430 

35 

449 

35 

468 

35 

488 

35 

507 

35 

526 

35 

545 

35 

564 

35 

583 

227 

35 

603 

35 

622 

35 

641 

35 

660 

35 

679 

35 

698 

35 

717 

35 

736 

35 

755 

35 

774 

228 

35 

793 

35 

813 

35 

832 

35 

851 

35 

870 

35 

889 

35 

903 

35 

927 

35 

946 

35 

965 

229 

35 

984 

36 

003 

36 

021 

36 

040 

36 

050 

36 

078 

36 

097 

36 

116 

36 

135 

36 

154 

280 

36 

173 

36 

192 

36 

211 

36 

229 

36 

248 

36 

267 

36 

286 

36 

305 

36 

324 

36 

342 

231 

36 

361 

36 

380 

36 

399 

36 

418 

36 

436 

36 

455 

36 

474 

36 

403 

36 

511 

36 

530 

232 

36 

549 

36 

568 

36 

586 

36 

605 

36 

624 

36 

642 

36 

661 

36 

680 

36 

608 

36 

717 

233 

36 

736 

36 

754 

36 

773 

36 

791 

36 

810 

36 

820 

36 

847 

36 

866 

36 

884 

36 

903 

234 

36 

922 

36 

940 

36 

950 

36 

077 

36 

096 

37 

014 

37 

033 

37 

051 

37 

070 

37 

088 

235 

37 

107 

37 

125 

37 

144 

37 

162 

37 

181 

37 

109 

37 

218 

37 

236 

37 

254 

37 

273 

236 

37 

291 

37 

310 

37 

328 

37 

346 

37 

365 

37 

383 

37 

401 

37 

420 

37 

438 

37 

457 

237 

37 

476 

87 

493 

37 

511 

37 

530 

37 

548 

37 

566 

37 

585 

37 

603 

37 

621 

37 

639 

238 

37 

658 

37 

676 

37 

604 

37 

712 

37 

731 

37 

740 

37 

767 

37 

785 

37 

803 

37 

822 

239 

37 

840 

37 

858 

37 

876 

37 

894 

37 

012 

37 

931 

37 

049 

37 

967 

37 

085 

38 

003 

240 

38 

021 

38 

039 

38 

057 

38 

075 

38 

093 

38 

112 

38 

130 

38 

148 

38 

166 

38 

184 

241 

38 

202 

38 

220 

38 

238 

38 

256 

38 

274 

38 

292 

38 

310 

38 

328 

38 

346 

38 

364 

242 

38 

382 

38 

399 

38 

417 

38 

435 

38 

453 

38 

471 

38 

489 

38 

507 

38 

525 

38 

543 

243 

38 

561 

38> 

578 

38 

596 

38 

614 

38 

632 

38 

650 

38 

668 

38 

686 

38 

703 

38 

721 

244 

38 

739 

38 

757 

38 

775 

38 

702 

38 

810 

38 

828 

38 

846 

38 

863 

38 

881 

38 

890 

245 

38 

917 

38 

934 

38 

952 

38 

970 

38 

987 

39 

006 

89 

023 

39 

041 

30 

058 

30 

076 

246 

39 

094 

89 

111 

39 

129 

39 

146 

39 

164 

39 

182 

30 

109 

39 

217 

39 

235 

39 

252 

247 

39 

27Q 

89 

287 

39 

305 

39 

322 

39 

340 

39 

358 

39 

375 

39 

393 

39 

410 

39 

428 

248 

39 

445 

39 

463 

39 

480 

39 

408 

39 

515 

30 

533 

39 

550 

39 

568 

30 

585 

30 

602 

249 

i 

39 

620 

89 

637 

39 

655 

39 

672 

39 

690 

39 

707 

30 

724 

39 

742 

39 

759 

30 

777 

No. 

1 

0 


1 


2 


3 


4 


5 


6 


7 


8 


« 1 


200-249 













APPENDIX VII 


i 


733 


260-299 


B 


B 


2 


3 


4 


5 

6 


7 


8 


9 

aso 

59 ,794 

39 811 

39 

829 

30 

846 

39 

803 

39 

881 

39 

898 

39 

915 

39 

933 

39 

950 

251 

39 967 

30 985 

40 

002 

40 

010 

40 

037 

40 

0.54 

40 

071 

40 

088 

40 

106 

40 

123 

252 

40 IHO 

40 157 

40 

175 

40 

192 

40 

203 

40 

226 

40 

243 

40 

261 

40 

278 

40 

295 

253 

40 312 

40 320 

40 

346 

40 

364 

40 

381 

40 

308 

40 

415 

40 

432 

40 

449 

40 

466 

254 

40,483 

40 500 

40 

518 

40 

535 

40 

552 

40 

569 

40 

586 

40 

003 

40 

620 

40 

637 

255 

40 654 

40 671 

40 

888 

40 

705 

40 

722 

40 

739 

40 

756 

40 

773 

40 

790 

40 

807 

256 

40 ^ 

40 841 

40 

858 

40 

875 

40 

802 

40 

909 

40 

926 

40 

943 

40 

960 

40 

976 

257 

40 993 

41 010 

41 

027 

41 

044 

41 

061 

41 

078 

41 

095 

41 

111 

41 

128 

41 

146 

258 

41 162 

41 179 

•41 

196 

41 

212 

41 

229 

41 

246 

41 

263 

41 

280 

41 

296 

41 

313 

• 259 

41 330 

41 347 

41 

363 

41 

380 

41 

397 

41 

414 

41 

430 

41 

447 

41 

464 

41 

481 

260 

41 497 

41 514 

41»631 

41 

547 

41 

564 < 

41 

581 

41 

597 

41 

614 

41 

631 

41 

647 

261 

41 664 

41 681 

41 

697 

41 

714 

41 

731 

41 

747 

41 

764 

41 

780 

41 

797 

41 

814 

262 

41 830 

41 847 

41 

863 

41 

880 

41 

896 

41 

013 

41 

920 

41 

946 

41 

963 

41 

979 

263 

41 096 

42 012 

42 

029 

42 

045 

42 

062 

42 

078 

42 

095 

42 

111 

42 

127 

42 

144 

264 

42 160 

42 177 

42 

103 

42 

210 

42 

226 

42 

243 

42 

259 

42 

275 

42 

292 

42 

308 

265 

42 325 

42 341 

42 

3&7 

42 

374 

42 

390 

42 

406 

42 

423 

42 

439 

42 

455 

42 

472 

266 

42 488 

42 504 

42 

521 

42 

537 

42 

5.53 

42 

570 

42 

586 

42 

602 

42 

619 

42 

635 

267 

42 651 

42 667 

42 

684 

42 

700 

42 

716 

42 

732 

42 

749 

42 

765 

42 

781 

42 

797 

268 

42 813 

42 830 

42 

846 

42 

862 

42 

878 

42 

894 

42 

911 

42 

927 

42 

943 

42 

959 

269 

42 975 

42 091 

43 

008 

43 

024 

43 

040 

43 

056 

43 

072 

43 

088 

43 

104 

43 

120 

170 

43 136 

43 152 

43 

169 

43 

185 

43 

201 

43 

217 

43 

233 

43 

249 

43 

265 

43 

281 

271 

43 207 

43 313 

43 

329 

43 

345 

43 

301 

43 

377 

43 

393 

43 

409 

43 

425 

43 

441 

278 

43 457 

43 473 

43 

480 

43 

505 

43 

521 

43 

537 

43 

.553 

43 

569 

43 

584 

43 

600 

273 

43 616 

43 632 

43 

648 

43 

664 

43 

080 

43 

696 

43 

712 

43 

727 

43 

743 

43 

759 

274 

43 775 

43 791 

43 

807 

43 

823 

43 

838 

43 

854 

43 

870 

43 

886 

43 

902 

43 

917 

275 

43 933 

43 040 

43 

965 

43 

981 

43 

996 

44 

012 

44 

028 

44 

044 

44 

059 

44 

076 

276 

44 091 

44 107 

43 

122 

44 

138 

44 

154 

44 

170 

44 

185 

44 

201 

44 

217 

44 

232 

277 

44 248 

44 264 

44 

279 

44 

295 

44 

311 

44 

326 

44 

342 

44 

358 

44 

373 

44 

389 

278 

44 404 

44 420 

44 

436 

44 

451 

44 

467 

44 

483 

44 

498 

44 

514 

44 

529 

44 

545^ 

279 

44 560 

44 576 

44 

502 

44 

607 

44 

023 

44 

638 

44 

054 

44 

669 

44 

685 

44 

700 

180 

44 716 

44 731 

44 

747 

44 

762 

44 

778 

44 

793 

44 

809 

44 

824 

44 

840 

44 

855 

281 

44 871 

44 886 

44 

002 

44 

917 

44 

932 

44 

948 

44 

963 

44 

979 

44 

994 

45 

010 

282 

45 025 

45 040 

45 

056 

45 

071 

45 

086 

45 

102 

45 

117 

45 

133 

45 

148 

45 

163 

283 

45 170 

45 194 

45 

209 

45 

225 

45 

240 

45 

255 

45 

271 

45 

286 

45 

301 

45 

317 

284 

45 332 

45 347 

45 

362 

45 

378 

45 

393 

45 

408 

45 

423 

45 

439 

45 

454 

45 

469 

285 

45 484 

45 500 

45 

515 

45 

530 

45 

545 

45 

561 

45 

576 

45 

591 

45 

606 

45 

621 

286 

45 637 

45 652 

45 

667 

45 

682 

45 

697 

45 

712 

45 

728 

45 

743 

45 

758 

45 

773 

, 287 

45 788 

45 803 

45 

818 

45 

834 

45 

849 

45 

864 

45 

879 

45 

894 

43 

909 

45 

924 

288 

45 039 

45 954 

45 

069 

45 

084 

46 

000 

40 

015 

46 

030 

46 

045 

46 

060 

46 

075 

289 

46 090 

46 105 

46 

120 

46 

135 

46 

150 

46 

log 

46 

180 

46 

195 

46 

210 

46 

225 

190 

46 240 

46 255 

46 

270 

46 

285 

46 

300 

40 

315 

46 

330 

46 

345 

46 

359 

46 

374 

291 

46 380 

46 404 

46 

419 

46 

434 

46 

449 

40 

464 

46 

479 

46 

494 

46 

509 

46 

523 

292 

46 538 

46 553 

46 

568 

46 

583 

46 

598 

40 

613 

46 

627 

46 

642 

46 

657 

46 

672 

293 

46 687 

46 702 

46 

716 

46 

731 

46 

746 

46. 

761 

46 

776 

46 

790 

46 

805 

46 

820 

294 

46 835 

46 850 

46 

864 

46 

879 

46 

804 

46 

909 

46 

923 

46 

938 

46 

953 

46 

967 

20^ 

46 082 

46 997 

47 

012 

47 

026 

47 

041 

47 

056 

47 

070 

47 

085 

47 

100 

47 

114 

€96 

47 129 

47 144 

47 

159 

47 

173 

47 

188 

47 

202 

47 

217 

47 

232 

47 

246 

47 

261 

297 

47 276 

47 200 

47 

305 

47 

319 

47 

334 

47 

349 

47 

303 

47 

378 

47 

392 

47 

407 

298 

47 422 

47 436 

47 

451 

47 

465 

47 

480 

47 

494 

47 

509 

47 

524 

47 

538 

47 

653 

299 

47 567 

47 582 

47 

596 

47 

611 

47 

625 

47 

640 

47 

054 

47 

669 

47 

683 

47 

698 

No. 

0 

1 


2 


3 


4 


5 


6 


D 

■ 

a 


9 


260-299 











'7S4 BUSINESS STATISTICS 


300-^9 


No. 

• 

0 


1 


2 


3 


■ 

1 



6 


7b 


8 

( 

0 

m 

47 

712 

47 

727 

47 

741 

47 

756 

47 

770 

47 

784 

47 

700 

47 

813 

47 

828 

47 

842 

301 

47 

857 

47 

871 

47 

885 

47 

000 

47 

014 

47 

020 

47 

043 

47 

058 

47 

072^ 47 

086 

302 

48 

001 

48 

015 

48 

020 

48 

044 

48 

058 

48 

073 

48 

087 

48 

101 

48 

.116 

48 

130 

303 

48 

144 

48 

150 

48 

173 

48 

187 

48 

202 

48 

216 

48 

230 

48 

244 

48 

250 

48 

273 

304 

48 

287 

48 

302 

48 

316 

48 

330 

48 

344 

48 

350 

48 

373 

48 

387 

48 

401 

• 

48 

416 

305 

48 

430 

48 

444 

48 

458 

48 

473 

48 

487 

48 

501 

48 

^15 

48 

630 

48 

544 

48 

558 

306 

48 

572 

48 

586 

48 

601 

48 

61fi 

48 

620 

48 

643 

48 

657 

48 

671 

48 

686 

48 

700 

307 

48 

714 

48 

728 

48 

742 

48 

756 

48 

770 

48 

78fi 

48 

700 

48 

813 

48 

627 

48 

•841 

308 

48 

855 

48 

860 

48 

883 

48 

807 

48 

Oil 

48 

026 

48 

040 

.48 

054 

48 

068 

48 

082 

300 

48 

006 

40 

010 

40 

024 

40 

038 

40 

052 

40 

066 

40 

080 

40 

004 

40 

108 

40 

12J^ 

810 

40 

136 

40 

150 

40 

164 

40 

178 

49 

102 

40 

206 

40 

220 

40 

234 

40 

248 

40 

262 

311 

40 

276 

40 

200 

40 

304 

40 

318 

40 

332 

40 

346 

40 

360 

40 

374 

40 

388 

40 

402 

312 

40 

415 

40 

420 

40 

443 

40 

457 

40 

471 

40 

485 

40 

400 

40 

513 

40 

527 

40 

541 

313 

40 

554 

40 

568 

40 

582 

40 

506 

40 

610 

40 

624 

40 

638 

40 

651 

40 

665 

40 

670 

314 

40 

603 

40 

707 

40 

721 

40 

734 

40 

748 

40 

762 

40 

776 

40 

700 

40 

803 

40 

817 

315 

40 

831 

40 

845 

40 

850 

40 

872 

40 

886 

40 

000 

40 

*014 

40 

027 

40 

041 

40 

056 

316 

40 

060 

40 

082 

40 

006 

50 

010 

50 

024 

50 

037 

50 

051 

50 

065 

50 

070 

50 

002 

317 

50 

106 

50 

120 

50 

133 

50 

147 

50 

161 

50 

174 

50 

188 

50 

202 

50 

215 

50 

220 

318 

50 

243 

50 

256 

50 

270 

50 

284 

50 

207 

50 

311 

50 

325 

50 

338 

50 

352 

50 

365 

310 

50 

370 

50 

303 

50 

406 

50 

420 

50 

433 

50 

447 

50 

461 

50 

474 

50 

488 

50 

501 

mm 

50 

isig 

50 

520 

50 

542 

60 

556 

50 

560 

50 

583 

50 

506 

50 

610 

50 

623 

50 

637 

321 

50 

651 

50 

664 

50 

678 

50 

601 

50 

705 

50 

718 

50 

732 

50 

745 

50 

760 

50 

772 

. 322. 

50 

786 

50 

700 

50 

813 

50 

826 

50 

840 

50 

853 

50 

866 

50 

880 

50 

803 

50 

007 

323 

50 

020 

50 

034 

50 

047 

50 

061 

50 

074 

50 

087 

51 

001 

51 

014 

51 

028 

51 

041 

324 

51 

055 

51 

068 

51 

081 

51 

OOfi 

51 

108 

51 

121 

51 

135 

51 

148 

51 

102 

51 

176 

325 

51 

188 

61 

202 

51 

215 

51 

228 

51 

242 

51 

255 

51 

268 

51 

282 

51 

205 

51 

308 

326 

51 

322 

51 

335 

51 

348 

51 

362 

51 

375 

51 

388 

51 

402 

51 

416 

51 

428 

51 

441 

327 

51 

455 

51 

468 

51 

481 

51 

405 

51 

508 

51 

521 

51 

534 

51 

548 

51 

561 

51 

574 

328 

51 

587 

51 

601 

51 

614 

51 

627 

51 

640 

51 

654 

51 

667 

51 

680 

51 

603 

51 

706 

320 

51 

720 

51 

733 

51 

746 

51 

750 

51 

772 

51 

786 

51 

700 

51 

812 

51 

825 

51 

838 

880 

51 

851 

51 

865 

51 

878 

51 

801 

51 

004 

51 

017 

51 

030 

51 

043 

51 

057 

51 

070 

331 

51 

083 

51 

006 

52 

000 

62 

022 

52 

035 

52 

048 

52 

061 

52 

076 

52 

088 

52 

101 

332 

52 

114 

52 

127 

52 

140 

52 

153 

52 

166 

52 

170 

52 

102 

52 

205 

52 

218 

52 

231 

333 

52 

244 

52 

257 

52 

270 

52 

284 

52 

207 

62 

310 

52 

323 

52 

336 

52 

340 

52 

362 

334 

52 

375 

62 

388 

52 

401 

52 

414 

52 

427 

52 

440 

52 

453 

52 

466 

52 

470 

52 

402 

335 

52 

504 

52 

617 

52 

530 

52 

543 

52 

556 

52 

560 

52 

582 

52 

505 

52 

608 

52 

621 

336 

52 

634 

52 

647 

52 

660 

52 

673 

52 

686 

52 

600 

52 

711 

52 

724 

52 

737 

52 

750 

337 

52 

763 

52 

776 

52 

780 

52 , 

802 

52 

815 

52 

827 

52 

840 

52 

853 

52 

866 

52 

870 

838 

52 

802 

52 

005 

52 

017 

52 

030 

52 

043 

52 

056 

52 

060 

52 

082 

52 

004 

53 

007 

330 

53 

020 

63 

033 

53 

046 

53 

058 

53 

071 

53 

084 

53 

007 

53 

110 

53 

122 

53 

135 

. 840 

53 

148 

53 

161 

53 

173 

53 

186 

53 

100 

53 

212 

53 

224 

53 

237 

53 

260 

53 

268 

341 

63 

275 

53 

288 

53 

301 

53 

314 

53 

320 

53 

330 

53 

352 

53 

364 

53 

377 

53 

300 

342 

53 

403 

53 

415 

53 

428 

53 

441 

53 

453 

53 

466 

53 

470 

53 

401 

53 

504 

53 

517 

843 

53 

520 

53 <542 

53 

555 

53 

567 

53 

580 

53 

503 

53 

605 

53 

618 

58 

631 

53 

643 

344 

53 

656 

53 

668 

53 

681 

53 

604 

53 

706 

53 

710 

53 

732 

53 

744 

58 

757 

53 

760 

345 

53 

782 

53 

704 

53 

807 

53 

820 

53 

832 

53 

845 

53 

857 

53 

870 

58 

882 

53P805 

346 

53 

008 

53 

020 

53 

083 

53 

045 

53 

058 

53 

070 

53 

083 

53 

005 

54 

008 

54 

03P 

847 

54 

033 

54 

045 

54 

058 

54 

070 

54 

083 

54 

005 

54 

108 

54 

120 

54 

133 

54 

145 

346 

54 

158 

54 

170 

54 

183 

54 

105 

54 

208 

54 

220 

54 

233 

54 

245 

54 

258 

54 

270 

340 

64 

283 

54 

205 

54 

307 

54 

320 

54 

332 

54 

345 

54 

357 

54 

370 

54 

382 

54 

304 

No. 


■ 


1 

2 

3 


4 


5 


6 


7 


8 


0 


X 


300^9 











APPENDIX YIl ■ * ' 736 


360-399 


No.^ 

r 

1 

• 

1 


2 


3 


4 


5 


6 


7 


8 


9 

860 ' 

• 54 

407 

54 

419 

54 

432 

54 

444 

54 

456 

54 

469 

54 

481 

54 

494 

54 

506 

54 

518 

351 

54 

.581 

54 

543 

54 

555 

54 

568 

54 

580 

54 

593 

54 

6O5 

54 

617 

54 

630 

54 

642 

352 

54 

654 

54 

667 

54 

679 

54 

691 

54 

704 

54 

716 

54 

728 

54 

741 

54 

763 

54 

765 

353 

54 

777 

54 

790 

54 

802 

54 

814 

54 

827 

54 

839 

54 

851 

54 

864 

54 

876 

54 

888 

354 


900 

54 

913 

54 

925 

54 

937 

54 

949 

54 

962 

54 

974 

54 

986 

54 

998 

55 

on 

355 

55 

023 

55 

035 

5^047 

55 

060 

55 

072 

55 

084 

55 

096 

55 

108 

55 

121 

55 

133 

356 

55*145 

55 

157 

55 

169 

55 

182 

55 

194 

55 

206 

55 

218 

55 

230 

55 

242 

55 

255 

357 

55 

267 

55 

279 

55 

291 

55 

303 

55 

315 

55 

328 

55 

340 

55 

352 

56 

364 

55 

376 

. 358 

55 

388 

55 

40(f 

55 

413 

55 

425 

55 

437 

55 

449 

55 

461 

55 

473 

55 

485 

55 

497 

359 

55 

509 

55 

522 

55 

534 

55 

546 

55 

558 

55 

570 

55 

582 

55 

594 

55 

606 

65 

618 

860 

55 

630 

55 

642 

55 

654 

55 

666 

55 

678 

55 

691 

55 

703 

55 

715 

55 

727 

55 

739 

361 

55 

751 

55 

763 

55 

775 

55 

787 

55 

799 

55 

811 

55 

823 

55 

835 

55 

847 

55 

859 

362 

55 

871 

55 

883 

55 

895 

55 

907 

55 

919 

55 

931 

55 

943 

55 

955 

55 

967 

55 

979 

363 

55 

991 

56 

003 

56 

015 

56 

027 

56 

038 

56 

050 

56 

062 

56 

074 

56 

086 

56 

098 

364 

56 

110 

56 

122 

56 

134 

56 

146 

56 

158 

56 

170 

56 

182 

56 

194 

56 

205 

56 

217 

365 

56 

229 

56 

241 

56 

253 

56 

265 

56 

277 

56 

289 

56 

301 

56 

312 

56 

324 

56 

336 

366 

56 

348 

56 

360 

5b 

372 

56 

38-4 

56 

396 

56 

407 

56 

419 

56 

431 

56 

443 

56 

455 

367 

56 

467 

56 

478 

56 

490 

56 

502 

56 

514 

56 

526 

56 

538 

56 

549 

56 

561 

56 

573 

368 

56 

585 

56 

597 

56 

608 

56 

620 

56 

632 

56 

644 

56 

656 

56 

667 

56 

679 

56 

691 

360 

56 

703 

56 

714 

56 

726 

56 

738 

56 

750 

56 

761 

56 

773 

56 

786 

56 

797 

56 

808 

870 

56 

820 

56 

832 

56 

844 

56 

855 

56 

867 

56 

879 

56 

891 

56 

902 

56 

914 

56 

926 

371 

56 

937 

56 

949 

56 

961 

56 

972 

56 

984 

56 

996 

57 

008 

57 

019 

57 

031 

67 

043 

372 

57 

054 

57 

066 

57 

078 

57 

089 

57 

101 

57 

113 

57 

124 

57 

136 

57 

148 

57 

159 

373 

57 

171 

57 

183 

57 

194 

67 

206 

57 

217 

57 

229 

57 

241 

57 

252 

57 

264 

57 

276 

374 

57 

287 

57 

299 

57 

310 

57 

322 

57 

334 

57 

345 

57 

357 

57 

368 

57 

380 

67 

392 

375 

57 

403 

57 

415 

57 

426 

57 

438 

57 

449 

57 

461 

57 

473 

57 

484 

57 

496 

57 

507 

376 

57 

519 

57 

530 

67 

542 

57 

553 

57 

565 

57 

576 

57 

588 

57 

600 

57 

611 

57 

623 

377 

57 

634 

57 

646 

57 

657 

57 

669 

57 

680 

57 

692 

57 

703 

57 

715 

57 

726 

67 

738 

378 

57 

749 

57 

761 

57 

772 

57 

784 

57 

795 

57 

807 

57 

818 

57 

830 

57 

841 

57 

852 

379 

57 

864 

57 

875 

57 

887 

57 

898 

57 

910 

57 

921 

57 

933 

67 

944 

57 

955 

67 

967 

880 

57 

978 

57 

990 

58 

001 

58 

013 

58 

024 

58 

035 

58 

047 

58 

058 

58 

070 

58 

081 

381 

58 

092 

58 

104 

58 

115 

58 

127 

58 

138 

58 

149 

58 

161 

58 

172 

58 

184 

58 

105 

382 

58 

206 

58 

218 

58 

229 

58 

240 

58 

252 

58 

263 

58 

274 

58 

286 

58 

297 

58 

309 

383 

58 

320 

58 

331 

58 

343 

58 

354 

58 

365 

58 

377 

58 

388 

58 

399 

58 

410 

58 

422 

384 

58 

433 

58 

444 

58 

456 

58 

467 

58 

478 

58 

490 

58 

501 

58 

512 

58 

524 

58 

535 

385 

58 

546 

58 

557 

58 

569 

58 

580 

58 

591 

58 

602 

58 

614 

58 

625 

58 

636 

58 

647 

386 

58 

659 

58 

670 

58 

681 

58 

692 

58 

704 

58 

715 

58 

726 

58 

737 

68 

749 

58 

760 

387 

58 

771 

58 

782 

58 

794 

58 

805 

58 

816 

58 

827 

58 

838 

58 

850 

%S 

861 

58 

872 

388 

58 

883 

58 

894 

58 

906 

58 

917 

58 

928 

58 

939 

58 

950 

58 

961 

58 

973 

58 

984 

389 

58 

995 

59 

006 

59 

017 

59 

028 

59 

040 

59 

051 

59 

062 

59 

073 

59 

084 

50 

095 

890 

59 

106 

59 

118 

59 

129 

59 

140 

59 

151 

59 

162 

59 

173 

59 

184 

59 

196 

59 

207 

391 

59 

218 

59 

229 

59 

240 

59 

251 

59 

262 

59 

273 

59 

284 

59 

295 

59 

306 

59 

318 

392 

59 

329 

59 

340 

59 

351 

59 

362 

50 

373 

59 

384 

59 

395 

59 

.406 

59 

417 

59 

428 

393 

50 

439 

59 

450 

59 

461 

59 

472 

59 

483 

59 

494 

59 

506 

69 

617 

59 

528 

59 

539 

394 

59 

550 

59 

561 

59 

572 

59 

583 

59 

594 

59 

6O5 

59 

616 

59 

627 

59 

638 

59 

649 

• 

^ 395 

59 

660 

59 

671 

59 

682 

50 

693 

59 

704 

59 

715 

59 

726 

59 

737 

59 

748 

59 

759 

396 

59 

770 

59 

780 

59 

791 

50 

802 

59 

813 

59 

824 

59 

835 

59 

846 

59 

857 

59 

868 

397 

59 

879 

59 

890 

59 

901 

50 

912 

59 

923 

59 

934 

59 

945 

69 

956 

59 

966 

59 

977 

398 

59 

988 

59 

999 

60 

010 

60 

021 

60 

032 

60 

043 

60 

054 

60 

065 

60 

076 

60 

086 

399 

60 

097 

60 

108 

60 

119 

60 

130 

60 

141 

60 

152 

60 

163 

60 

173 

60 

184 

60 

196 

No. 


■ 


1 


2 


3 


4 


5 


6 


7 


8 


9 


360-399 
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* 

400-449 


No. 

• 


0 


1 


2 


3 


4 


5 


6 


7® 


c 

8 


0 

400 

60 

206 

60 

217 

60 

228 

60 

230 

60 

240 

60 

260 

60 

271 

60 

282 

60 

20^ 

60 

304 

401 

60 

314 

60 

325 

60 

336 

60 

347 

60 

358 

60 

300 

60 

370 

60 

300 

60 

401 

60 

412 

402 

60 

423 

60 

433 

60 

444 

60 

455 

60 

466 

60 

477 

60 

487 

60 

498 

60"500 

60 

520 

403 

60 

531 

60 

541 

60 

552 

60 

res 

60 

574 

60 

584 

60 

505 

60 

606 

60 

617 

60 

627 

404 

60 

638 

60 

640 

60 

660 

60 

670 

60 

681 

60 

602 

60 

703 

60 

713 

60 

704 

60 

73fi 

405 

60 

746 

60 

756 

60 

767 

60 

778 

60 

788 

60 

700 

60 '810 

60 

821 

60 

831 

60 

842 

406 

60 

853 

60 

863 

60 

874 

60 

885 

60 

805 

60 

006 

60 

017 

60 

027 

60 <,038 

60 

040 

407 

60 

050 

60 

070 

60 

981 

60 

901 

61 

002 

61 

013 

61 

023 

61 

034 

61 

045 

61 

055 

408 

61 

066 

61 

077 

61 

087 

61 

008 

61 

109 

61 

110 

61 

130 < 

61 

140 

61 

151 

61 

162 

400 

61 

172 

61 

183 

61 

194 

61 

204 

61 

215 

61 

225 

61 

236 

61 

247 

61 

257 

61 

268 

410 

61 

278 

61 

289 

61 

300 

61 

310 

%1 

321 

61 

331 

61 

fi2 

61 

352 

61 

363 

61 

374 

411 

61 

384 

61 

305 

61 

405 

61 

416 

61 

426 

61 

437 

61 

448 

61 

458 

61 

460 

61 

470 

412 

61 

400 

61 

500 

61 

511 

61 

521 

61 

532 

61 

542 

61 

553 

61 

563 

61 

574 

61 

584 

413 

61 

505 

61 

606 

61 

616 

61 

627 

61 

637 

61 

648 

61 

658 

61 

660 

61 

670 

61 

600 

414 

61 

700 

61 

711 

61 

721 

61 

731 

61 

742 

61 

752 

61 

763 

61 

773 

61 

784 

61 

704 

^ 415 

61 

804 

61 

815 

61 

826 

61 

836 

61 

847 

61 

857 

1 

61 

868 

61 

878 

61 

888 

61 

890 

416 

61 

000 

61 

020 

61 

030 

61 

041 

61 

051 

61 

062 

61 

072 

61 

082 

61 

003 

62 

003 

417 

62 

014 

62 

024 

62 

034 

62 

045 

62 

055 

62 

066 

62 

076 

62 

086 

62 

007 

62 

107 

418 

62 

118 

62 

128 

62 

138 

62 

149 

62 

150 

62 

170 

62 

180 

62 

100 

62 

201 

62 

211 

419 

62 

221 

62 

232 

62 

242 

62 

252 

62 

263 

62 

273 

62 

284 

62 

204 

62 

304 

62 

315 

420 

62 

326 

62 

335 

62 

346 

62 

356 

62 

366 

62 

377 

62 

387 

62 

307 

62 

408 

62 

418 

421 

62 

428 

62 

430 

62 

440 

62 

450 

62 

409 

62 

480 

62 

490 

62 

500 

62 

511 

62 

521 

422 

62 

531 

62 

542 

62 

552 

62 

562 

62 

572 

62 

583 

62 

503 

62 

603 

62 

613 

62 

624 

423 

62 

634 

62 

644 

62 

655 

62 

665 

62 

675 

62 

685 

62 

696 

62 

706 

62 

716 

62 

726 

424 

62 

737 

62 

747 

62 

757 

62 

767 

62 

778 

62 

788 

62 

708 

62 

808 

62 

818 

62 

820 

425 

62 

839 

62 

840 

62 

850 

62 

870 

62 

880 

62 

800 

62 

000 

62 

010 

62 

021 

62 

031 

426 

62 

041 

62 

051 

62 

061 

62 

072 

62 

082 

62 

002 

63 

002 

63 

012 

63 

022 

63 

033 

427 

63 

043 

63 

053 

63 

063 

63 

073 

63 

083 

63 

094 

63 

104 

63 

114 

63 

124 

63 

134 

428 

63 

144 

63 

155 

63 

165 

63 

175 

63 

185 

63 

105 

63 

205 

63 

215 

63 

225 

63 

236 

420 

63 

246 

68 

256 

63 

266 

63 

276 

63 

280 

63 

296 

63 

306 

63 

317 

63 

327 

63 

337 

480 

63 

347 

63 

357 

63 

367 

63 

377 

63 

387 

63 

397 

63 

407 

63 

417 

63 

428 

63 

438 

431' 

63 

448 

63 

458 

63 

468 

63 

478 

63 

488 

63 

498 

63 

508 

63 

518 

63 

528 

63 

538 

432 

63 

548 

63 

558 

63 

568 

63 

570 

63 

589 

63 

609 

63 

600 

63 

610 

63 

620 

63 

630 

1 433 

63 

649 

69 

659 

63 

660 

63 

679 

63 

680 

63 

690 

63 

700 

63 

710 

63 

729 

63 

739 

434 

63 

740 

63 

750 

63 

760 

63 

779 

63 

789 

63 

790 

63 

800 

63 

819 

63 

820 

63 

839 

. 435 

63 

840 

63 

859 

63 

860 

63 

870 

63 

880 

63 

800 

63 

000 

63 

010 

63 

020 

63 

039 

436 

63 

940 

63 

059 

63 

960 

63 

970 

63 

088 

63 

098 

64 

008 

64 

018 

64 

028 

64 

038 

437 

64 

0l8 

64 

058 

64 

068 

64 

078 

64 

088 

64 

008 

64 

108 

64 

118 

64 

128 

64 

137 

438 

64 

147 

64 

157 

64 

167 

64 

177 

64 

187 

64 

107 

64 

207 

64 

217 

64 

227 

64 

237 

430 

64 

246 

64 

256 

64 

266 

64 

276 

64 

286 

64 

296 

64 

306 

64 

316 

64 

326 

64 

335 

440 

64 

345 

64 

355 

64 

865 

64 

875 

64 

385 

64 

305 

64 

404 

64 

414 

64 

424 

64 

434 

441 

64 

444 

64 

454 

64 

464 

64 

473 

64 

483 

64 

403 

64 

503 

64 

513 

64 

523 

64 

532 

442 

64 

542 


552 

64 

562 

64 

572 

64 

582 

64 

501 

64 

601 

64 

611 

64 

621 

64 

631 

443 

64 

640 


650 

64 

660 

64 

670 

64 

680 

64 

680 

64 

600 

64 

709 

64 

719 

64 

720 

‘ 444 

64 

738 

64 

748 

64 

758 

64 

768 

64 

777 

.64 

787 

64 

797 

64 

807 

64 

816 

64 

826 

445 

64 

886 

64 

846 

64 

856 

64 

865 

64 

875 

64 

885 

64 

895 

64 

004 

64 

014 

A 

024 

-446 

64 

033 

64 

043 

64 

953 

64 

963 

64 

972 

64 

082 

64 

092 

65 

002 

65 

Oil 

65 

021 

447 

65 

081 

65 

040 

65 

050 

65 

060 

65 

070 

65 

079 

65 

080 

65 

000 

65 

108 

65 

118 

448 

<66 

128 

65 

137 

65 

147 

65 

157 

65 

167 

65 

176 

65 

186 

65 

106 

65 

205 

65 

215 

440 

66 

226 

65 

234 

65 

244 

65 

254 

65 

263 

65 

273 

65 

283 

65 

202 

65 

302 

65 

312 

No. 


0 

c 


1 


2 


3 


4 


6 


6 


7 


8 


0 


«K)-449 














APPENDIX VII 


i 


787 


460-499 


NO. 1 

• 

0 

« 

1 

2 

3 

4 

5 

6 

7 

8 

0 

■a 

^ 321 

65 331 

65 341 

65 350 

65 360 

65 360 

65 370 

65 389 

65 398 

65 408 

461 

65 418 

65 427 

65 437 

65 447 

65 456 

65 466 

65 475 

65 485 

65 40g 

65 504 

452 

65 5l4 

65 523 

65 533 

65 543 

65 552 

65 562 

65 571 

65 581 

65 501 

65 600 

453 

65 610 

65 619 

65 629 

65 630 

65 648 

65 058 

65 667 

65 677 

65 686 

65 606 

454 

65 •706 

65 715 

65 725 

65 734 

65 744 

65 753 

65 763 

65 772 

65 782 

65 702 

455 

66 801 

65 811 

65 §20 

65 830 

65 830 

65 849 

65 858 

65 868 

65 877 

65 887 

45Q 

65 806 

65 006 

65 016 

65 025 

65 035 

65 044 

65 954 

65 063 

65 973 

65 082 

467 

65 092 

66 001 

66 on 

66 020 

66 030 

06 039 

60 040 

66 058 

00 068 

66 077 

458 

66 087 

66 096 

•66 106 

66 115 

66 124 

06 134 

66 143 

06 153 

66 162 

66 172 

*460 

66 181 

66 101 

66 200 

66 210 

66 219 

66 220 

66 238 

66 247 

66 257 

60 266 

460 

66 276 

66 285 

66*205 

66 304 

66 314 “ 

66 323 

66 332 

66 342 

66 351 

66 361 

461 

66 370 

66 380 

66 389 

66 308 

66 408 

66 417 

66 427 

66 436 

66 445 

06 45g 

462 

66 464 

66 474 

66 483 

66 402 

66 .502 

66 511 

66 521 

66 530 

66 539 

66 540 

463 

66 558 

66 567 

66 577 

66 586 

66 596 

66 605 

66 614 

66 624 

66 633 

66 642 

464 

66 652 

66 661 

66 671 

66 680 

66 689 

66 690 

66 708 

66 717 

66 727 

66 736 

465 

66 745 

66 755 

66 764 

66 773 

66 783 

66 702 

66 801 

60 811 

66 820 

66 820 , 

466 

66 830 

66 848 

66 857 

66 867 

66 876 

66 885 

66 804 

66 904 

66 913 

66 022 

467 

66 032 

66 041 

06 950 

66 960 

66 069 

66 078 

66 987 

66 007 

67 006 

67 015 

468 

67 025 

67 034 

67 043 

67 052 

67 062 

67 071 

67 080 

67 080 

67 090 

67 108 

460 

67 117 

67 127 

67 136 

67 145 

67 154 

67 164 

67 173 

67 182 

67 101 

67 201 

470 

67 210 

67 210 

67 228 

67 237 

67 247 

07 256 

67 265 

67 274 

67 284 

67 203 

471 

67 302 

67 311 

67 321 

67 330 

67 339 

67 348 

07 357 

67 367 

67 376 

67 385 

472 

67 394 

67 403 

67 413 

67 422 

67 431 

67 440 

67 449 

67 450 

07 468 

67 477 

473 

67 486 

67 495 

67 .504 

67 514 

67 523 

67 532 

67 641 

07 550 

67 560 

67 560 

474 

67 578 

67 587 

67 506 

67 605 

67 614 

67 624 

67 633 

67 642 

67 651 

67 660 

475 

67 669 

67 679 

67 688 

67 697 

67 706 

67 715 

67 724 

67 733 

67 742 

67 752 

476 

67 761 

67 770 

67 779 

67 788 

67 797 1 

67 806 

67 815 

67 S2^ 

67 834 

67 843 

477 

67 852 

67 861 

67 870 

67 879 

67 888 

67 897 

67 906 

67 916 

67 92g 

07 934 

478 

67 043 

67 952 

67 961 

67 970 

67 079 

67 988 

67 997 

68 006 

68 015 

08 024 

479 

68 034 

68 043 

68 052 

68 061 

08 070 

68 079 

08 088 

08 097 

68 106 

08 115 

480 

68 124 

68 133 

68 142 

68 151 

68 160 

68 160 

68 178 

68 187 

68 196 

68 205 

481 

68 215 

68 224 

68 233 

68 242 

68 251 

08 260 

68 269 

68 278 

68 287 

68 296 

482 

68 305 

68 314 

68 323 

68 332 

68 341 

68 350 

68 350 

68 368 

68 377 

68 386 

483 

68 395 

68 404 

68 413 

68 422 

68 431 

68 440 

68 440 

68 458 

68 407 

08 476 

484 

68 485 

68 494 

68 502 

68 511 

68 520 

08 520 

68 538 

68 547 

68 556 

68 565 

485 

68 574 

68 583 

68 592 

68 601 

68 610 

68 619 

08 628 

68 637 

68 646 

68 655 

486 

68 664 

68 673 

68 681 

68 600 

68 609 

68 708 

68 717 

68 726 

68 735 

68 744 

• 487 

68 753 

68 762 

68 771 

68 780 

68 789 

68 797 

68 806 

68 815 

6ft 824 

68 833 

488 

68 842 

68 851 

68 860 

68 869 

68 878 

68 880 

08 805 

68 904 

68 013 

68 022 

489 

68 931 

68 940 

68 949 

68 958 

68 066 

68 075 

68 084 

68 003 

60 002 

60 on 

400 

69 020 

60 028 

60 037 

69 046 

69 055 

69 064 

60 073 

60 082 

60 090 

69 009 

401 

69 108 

60 117 

69 126 

69 135 

60 144 

60 152 

69 161 

60 170 

69 179 

69 188 

402 

60 107 

60 205 

60 214 

69 223 

60 232 

69 241 

60 240 

69 258 

60 267 

60 276 

403 

60 285 

60 204 

60 302 

60 311 

09 320 

69 329 

60 338 

60 ^6 

60 355 

60 364 

404 

60 373 

60 381 

60 300 

69 309 

69 408 

60 417 

69 425 

69 434 

69 443 

69 452 

405 

60 461 

60 460 

60 478 

60 487 

69 406 

69 504 

60 513 

69 522 

60 531 

60 539 

*496 

60 548 

60 557 

60 566 

60 574 

60 583 

60 592 

60 601 

69 600 

60 618 

60 627 

407 

60 636 

60 644 

60 653 

69 662 

69 671 

60 079 

60 088 

69 007 

60 705 

60 714 


69 723 

69 732 

69 740 

69 749 

69 758 

60 767 

69 775 

60 784 

60 703 

60 801 

400 

69 810 

60 819 

69 827 

69 836 

60 845 

69 854 

60 862 

69 871 

60 880 

60 888 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

m 

0 


46(M99 








7^ ‘ BUSmSSS STATISTICS 


50(NM9 


H 

1 

■ 

1 

■ 


2 


3 


■ 

1 

1 

6 


■ 

B 

• 

0 

Mrs 

60 

807 

60 

006 

60 

914 

60 

023 

60 

032 

60 

040 

09 

040 

60 

058 

60 

066 

(60 

075 

601 

60 

084 

60 

002 

70 

001 

70 

010 

70 

018 

70 

027 

70 

036 

70 

044 

70 

053 

70 

062 


70 

070 

70 

079 

70 

088 

70 

006 

70 

106 

70 

114 

70 

122 

70 

131 

70 

i4o 

70 

148 

603 

70 

157 

70 

165 

70 

174 

70 

183 

70 

101 

70 

200 

70 

200 

70 

217 

70 

226 

70 

234 

604 

70 

243 

70 

262 

70 

260 

70 

260 

70 

278 

70 

286 

70 

206 

70 

303 

70 

31d- 

70 

321 

605 

70 

320 

70 

338 

70 

346 

70 

356 

70 

364 

70 

372 

70 

38i 

70 

380 

70 

308 

70 

406 

606 

70 

416 

70 

424 

70 

432 

70 

441 

70 

440 

70 

458 

70 

467 

70 

475 

70 

484 

70 

402 

607 

70 

501 

70 

509 

70 

518 

70 

526 

70 

535 

70 

544 

70 

552 

70 

561 

70 

560' 

70 

578 

508 

70 

686 

70 

506 

70 

603 

70 

612 

70 

621 

70 

620 

70 

638 

70 

646 

70 

056 

70 

663 

600 

70 

672 

70 

680 

70 

689 

70 

607 

70 

706 

70 

714 

70 

723 

70 

731 

70 

740 

70 

749 

910 

70 

767 

70 

766 

70 

774 

70 

783 

7 & 

701 

70 

800 

70 

80^ 

70 

817 

70 

825 

70 

834 

511 

70 

842 

70 

851 

70 

850 

70 

868 

70 

876 

70 

886 

70 

803 

70 

002 

70 

910 

70 

010 

612 

70 

027- 

70 

036 

70 

044 

70 

052 

70 

061 

70 

960 

70 

978 

70 

086 

70 

006 

71 

003 

613 

71 

012 

71 

020 

71 

020 

71 

037 

71 

046 

71 

054 

71 

063 

71 

071 

71 

070 

71 

088 

614 

71 

006 

71 

106 

71 

113 

71 

122 

71 

130 

71 

130 

71 

147 

71 

155 

71 

164 

71 

172 

515 

71 

181 

71 

180 

71 

198 

71 

206 

71 

214 

71 

223 

71 

231 

71 

240 

71 

248 

71 

257 

. 516 

71 

266 

71 

273 

71 

282 

71 

200 

71 

209 

71 

307 

71 

315 

71 

324 

71 

332 

71 

341 

517 

71 

349 

71 

357 

71 

366 

71 

374 

71 

383 

71 

301 

71 

390 

71 

408 

71 

416 

71 

426 

518 

71 

433 

71 

441 

71 

460 

71 

468 

71 

466 

71 

476 

71 

483 

71 

402 

71 

600 

71 

508 

'519 

71 

617 

71 

525 

71 

533 

71 

642 

71 

550 

71 

550 

71 

567 

71 

575 

71 

584 

71 

592 

910 

71 

600 

71 

600 

71 

617 

71 

625 

71 

634 

71 

642 

71 

650 

71 

650 

71 

667 

71 

675 

521 

71 

684 

71 

002 

71 

700 

71 

709 

71 

717 

71 

725 

71 

734 

71 

742 

71 

750 

71 

750 

522 

71 

767 

71 

775 

71 

784 

71 

792 

71 

800 

71 

800 

71 

817 

71 

825 

71 

834 

71 

842 

523 

71 

850 

71 

858 

71 

867 

71 

876 

71 

883 

71 

802 

71 

000 

71 

008 

71 

917 

71 

026 

524 

71 

933 

71 

041 

71 

960 

71 

058 

71 

066 

71 

076 

71 

083 

71 

001 

71 

900 

72 

008 

625 

72 

016 

72 

024 

72 

032 

72 

041 

72 

049 

72 

057 

72 

066 

72 

074 

72 

082 

72 

000 

626 

72 

009 

72 

107 

72 

116 

72 

123 

72 

132 

72 

140 

72 

148 

72 

156 

72 

166 

72 

173 

627 

72 

181 

72 

180 

72 

108 

72 

206 

72 

214 

72 

222 

72 

230 

72 

230 

72 

247 

72 

255 

528 

72 

263 

72 

272 

72 

280 

72 

288 

72 

296 

72 

304 

72 

313 

72 

321 

72 

320 

72 

337 

529 

72 

346 

72 

354 

72 

362 

72 

370 

72 

378 

72 

387 

72 

306 

72 

403 

72 

411 

72 

419 

990 

72 

428 

72 

436 

72 

444 

72 

452 

72 

40Q 

72 

469 

72 

477 

72 

485 

72 

493 

72 

501 

531 

72 

500 

72 

518 

72 

526 

72 

534 

72 

542 

72 

650 

72 

558 

72 

567 

72 

576 

72 

583 

. 532 

72 

591 

72 

500 

72 

607 

72 

616 

72 

624 

72 

632 

72 

640 

72 

648 

72 

656 

72 

666 

. 533. 

72 

673 

72 

681 

72 

689 

72 

697 

72 

705 

72 

718 

72 

722 

72 

730 

72 

738 

72 

746 

534 

72 

754 

72 

762 

72 

770 

72 

779 

72 

787 

72 

706 

72 

803 

72 

811 

72 

810 

72 

827 

635 

72 

835 

72 

843 

72 

852 

72 

860 

72 

868 

72 

876 

72 

884 

72 

802 

72 

900 

72 

908 

536 

72 

016 

72 

926 

72 

033 

72 

041 

72 

949 

72 

957 

72 

065 

72 

973 

72 

081 

72 

980 

637 

72 

907* 

73 

006 

73 

014 

73 

022 

73 

030 

73 

038 

73 

046 

73 

054 

73 

062 

73 

070 

538 

73 

078 

73 

086 

73 

004 

73 

102 

73 

111 

73 

110 

73 

127 

73 

136 

73 

143 

73 

151 

530 

73 

150 

73 

167 

73 

176 

73 

183 

73 

101 

73 

109 

73 

207 

73 

215 

73 

223 

73 

231 

940 

73 

230 

73 

247 

73 

255 

73 

263 

73 

272 

73 

280 

73 

288 

73 

296 

73 

304 

73 

312 

541 

73 

320 

73 

328 

73 

336 

73 

344 

73 

352 

73 

360 

78 

368 

73 

376 

73 

384 

73 

302 

542 

73 

400 

73 

408 

73 

416 

78 

424 

73 

432 

73 

440 

73 

448 

73 

456 

73 

464 

73 

472 

.548 

73 

480 

73 

i88 

73 

406 

78 

604 

78 

512 

73 

520 

73 

528 

73 

536 

73 

544 

73 

552 

644 

73 

660 

78 

568 

73 

676 

73 

684 

78 

592 

73 

600 

73 

608 

73 

616 

73 

624 

73 

632 

546 

73 

640 

78 

648 

73 

656 

73 

664 

78 

672 

73 

670 

73 

687 

73 

605 

73 

703 

73 

711 

546 

73 

710 

73 

727 

73 

735 

73 

743 

73 

751 

73 

759 

73 

767 

73 

776 

73 

783 

73 

791*' 

547 

Td 

799 

78 

807 

73 

816 

73 

823 

73 

830 

73 

838 

73 

846 

73 

854 

73 

862 

73 

870 

648 

73 

878 

78 

886 

78 

804 

73 

902 

78 

010 

73 

018 

73 

926 

73 

033 

73 

041 

73 

040 

640^ 

73 

957 

73 

066 

78 

073 

73 

081 

78 

080 

73 

007 

74 

006 

74 

013 

74 

020 

74 

028 

No. 1 


0 

t 


1 


2 


3 


4 

L 

5 


6 


7 


8 


0 


600-649 














APPENDIX VII 


739 


660-699 


No. 


0 

(* 

1 


2 


3 


4 


5 


6 


7 


8 . 


9 

MO 


036 

74 

044 

74 

062 

74 

060 

74 

068 

74 

076 

74 

084 

74 

092 

74 

090 

74 

107 

661 

74 
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74 
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74 
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74 
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74 
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74 
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74 
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74 
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74 
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74 
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74 
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74 
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74 
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74 
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74 
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74 

249 

74 
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74 
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663 

74 
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74 
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74 

288 
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74 

304 

74 

312 

74 
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74 

327 

74 

335 

74 
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74 
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74 
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74 

406 

74 
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74 
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74 
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74 
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7^ 

446 

74 
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74 
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74 
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74 

476 

74 

484 

74 

492 

74 
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607 

74 
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74 
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74 
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74 
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74 
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74 

554 

74 

562 

74 
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74 
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667 

74 

586 

74 

593 

74 
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74 

600 

74 
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74 
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74 

632 

74 

640 

74 
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74 
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668 

74 
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74 
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74 

679 

74 

687 

74 

695 

74 

702 

74 
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74 
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74 

726 

74 
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74 

741 

74 

749 

74 

757 

74 

764 

74 

772 

74 

780 

74 

788 

74 

796 

74 

803 

74 

811 

Ka 

74 

819 

74 

827 

W 

834 

74 

842 

74 

859 

74 

858 

74 

865 

74 

873 

74 

881 

74 

889 

661 

74 

896 

74 

904 

74 

912 

74 

920 

74 

927 

74 

935 

74 

043 

74 

950 

74 

958 

74 

966 

662 

74 

974 

74 

981 

74 

989 

74 

997 

75 

005 

75 

012 

76 

020 

75 

028 

75 

035 

75 

043 

663 

75 

051 

76 

069 

76 

066 

76 

074 

76 

082 

75 

089 

75 

097 

75 

105 

75 

113 

75 

120 

664 

75 

128 

76 

136 

76 

143 

76 

151 

75 

150 

76 

166 

75 

174 

76 

182 

75 

189 

75 

197 

666 

75 

206 

76 

213 

76 

*220 

76 

228 

76 

236 

76 

243 

75 

251 

75 

259 

76 

266 

76 

274 

666 

76 

282 

75 

289 

75 

297 

75 

306 

76 

312 

75 

320 

75 

328 

75 
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76 

343 

75 

351 

667 

75 

358 

75 

366 

75 

1174 

75 

381 

75 

389 

75 

397 

75 

404 

75 

412 

75 

420 

75 

427 

668 

76 

436 

76 

442 

75 

450 

75 

458 

76 

465 

76 

473 

75 

481 

76 

488 

75 

496 

75 

504 

669 

76 

511 

75 

519 

75 

526 

75 

534 

75 

542 

75 

549 

75 

557 

75 

565 

76 

572 

75 

580 
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75 

687 

75 

595 

76 

603 

76 

610 

75 

618 

75 

626 

75 

633 

75 

641 

76 

648 

75 

656 

571 

76 
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76 
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75 

679 

75 

(}86 

76 

694 

76 

702 

75 

709 

75 

717 

76 

724 

75 

732 

572 

75 

740 

75 

747 

75 

766 

76 

762 

76 

770 

75 

778 

75 

785 

75 
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75 

800 

76 

808 
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75 

815 

76 

823 

76 

831 

76 

838 

75 

846 

75 

853 

76 

861 

75 

868 

75 

876 

75 

884 

574 

76 

891 

75 

899 

76 

906 

75 

914 

75 

021 

75 

920 

75 

937 

75 

944 

75 

952 

75 

059 

576 

75. 

967 

76 

974 

75 

982 

76 

989 

75 

907 

76 

005 

76 

012 

76 

020 

76 

027 

76 

035 

676 

76 

042 

70 

060 

76 

057 

76 

066 

76 

072 

76 

080 

76 

087 

76 

095 

76 

103 

76 

no 

577 

76 

118 

76 

125 

76 

133 

76 

140 

76 

148 

76 

155 

76 

163 

76 

170 

76 

178 

76 

185 

678 

76 
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76 

200 

76 

208 

76 

215 

76 

223 

76 

230 

76 

238 

76 

245 

76 

253 

76 

260 

579 

70 

268 

76 

276 

76 

283 

76 
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76 
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76 

305 

76 

313 

76 

320 

76 

328 

76 
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580 

76 
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76 

350 

76 
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76 

365 

76 
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76 

380 

76 

388 

76 

395 

76 

403 

76 

410 

581 

76 
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76 

425 

76 

433 

76 

440 

76 

448 

76 

455 

76 

462 

76 

470 

76 

477 

76 

486 

582 

76 

492 

76 

600 

76 

507 

76 

516 

76 

522 

76 

530 

76 

537 

76 

545 

76 

552 

76 

559 

583 

76 

667 

76 

674 

76 

582 

76 

589 

76 

697 

76 

604 

76 

612 

76 

619 

76 

626 

76 

634 

584 

76 

641 

76 

649 

76 

656 

76 

664 

76 

671 

76 

678 

76 

686 

76 

693 

76 

701 

76 

708 

586 

76 

716 

76 

723 

76 

730 

76 

738 

76 

745 

76 

753 

76 

760 

76 

768 

76 

775 

76 

782 

586 

76 

790 

76 

797 

76 

806 

76 

812 

76 

819 

76 

827 

76 

834 

76 

842 

76 

849 

76 

856 

687 

76 

864 

76 

871 

76 

879 

76 

886 

76 

893 

76 
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76 

908 

76 

016 


023 

76 

930 

688 

76 

938 

76 

945 

76 

953 

76 

960 

76 

967 

76 
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76 

982 

76 
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76 
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77 
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77 
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77 
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77 
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77 
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77 
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77 
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77 
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77 
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77 
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77 
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77 
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77 
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77 
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77 
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900 

78 
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010 
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017 
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78 

032 

78 

030 

78 

040 

78 

063 

78 

001 

78 

008 

78 

075 

78 

082 

78 

089 

78 

007 

004 

78 

104 

78 

111 

78 

118 

78 

126 

78 

132 

78 
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78 
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78 
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78 
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78 

108 

005 

78 
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78 

183 

78 
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78 

197 

78 

204 

78 

211 

78.210 

78 

226 

78 

233 

78 

240 

006 

78 

247 

78 
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78 

202 

78 

200 

78 

270 

78 

283 

78 

200 

78 

297 

78 

305 

78 

312 

607 

78 

310 

78 

326 

78 

333 

78 

340 

78 

347 

78 

365 

78 

362 

78 

300 

78' 376 

78 

383 

008 

78 

300 

78 

308 

78 

405 

78 

412 

78 

419 

78 

426 

78 

433,. 

78 

440 

78 

447 

78 

455 

600 

78 

462 

78 

400 

78 

476 

78 

483 

78 

490 

78 

407 

78 

504 

78 

612 

78 

610 

78 


Wffm 

78 

633 

78 

640 

78 

647 

78 

664 

•78 

601 

78 

609 

78 

176 

78 

583 

78 

690 

78 

607 

oil 

78 

604 

78 

611 

78 

018 

78 

626 

78 

633 

78 

640 

78 

047 

78 

654 

78 

601 

78 

608 

012 

78 

076 

78 

682 

78 

689 

78 

600 

78 

704 

78 
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78 

718- 

78 

725 

78 

732 

78 

730 

013 

78 

746 

78 

753 

78 

700 

78 

707 

78 
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78 

781 

78 

780 

78 

796 

78 

803 

78 

810 

014 

78 

817 

78 

824 

78 

831 

78 

838 

78 

846 

78 

852 

78 

850 

78 

806 

78 

873 

78 

880 

616 

78 

888 

78 

895 

78 

902 

78 

900 

78 

910 

78 

923 

73 

930 

78 

037 

78 

944 

78 

961 

010 

78 

068 

78 

906 

78 

072 

78 

979 

78 

080 

78 

993 

79 

000 

79 

007 

79 

014 

79 

021 

617 

70 

020 

70 

036 

79 

043 

79 

050 

79 

067 

79 

004 

79 

071 

79 

078 

79 

085 

79 

002 

018 

70 

000 

70 

106 

79 

113 

70 

120 

79 

127 

79 

134 

79 

141 

79 

148 

79 

156 

79 

162 

610 

70 

160 

70 

176 

79 

183 

79 

190 

79 

197 

79 

204 

79 

211 

79 

218 

79 

226 

70 

232 

610 

70 

230 

79 

246 

79 

263 

79 

200 

79 

267 

79 

274 

79 

281 

79 

288 

79 

205 

70 

302 

021 

70 

300 

79 

316 

79 

323 

79 

330 

79 

337 

79 

344 

79 

351 

78 

358 

79 
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79 

372 

622 

70 

370 

79 

386 

79 

303 

79 

400 

79 

407 

79 

414 

79 

421 

79 

428 

79 

435 

79 

442 

623 

70 

440 

79 

466 

79 

403 

79 

470 

79 

477 

79 

484 

79 

491 

79 

498 

79 

505 

79 

611 

624 

70 

618 

70 

625 

79 

632 

79 

539 

79 

646 

79 

653 

70 

500 

79 

607 

79 

574 

70 

581 

026 

70 

688 

79 

695 

79 

602 

79 

009 

79 

616 

79 

623 

79 

630 

79 

637 

79, 

644 

79 

660 

020 

70 

657 

79 

604 

79 

671 

79 

078 

70 

686 

79 

692 

70 

099 

79 

706 

70 

713 

79 

720 

627. 

70 

727 

70 

734 

79 

741 

79 

748 

79 

764 

70 

701 

79 

768 

79 

776 

79 

782 

79 

780 
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70 
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79 

803 

79 
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70 
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034 
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80 
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80 
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80 
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80 
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80 

298 

80 

305 

80 
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80 

318 

80 

325 

80 
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80 
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030 

80 
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80 
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80 

360 

80 
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380 

80 

387 

80 
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80 
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80 

407 

037 
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611 
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80 
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80 
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80 
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064 
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070 
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000 
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097 
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104 
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81 

124 

81 

131 

81 
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81 

144 

81 

161 

048 

81 

168 

81 
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81 

171 

81 

178 

81 

184 

81 
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81 

108 

81 
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81 

211 

81 

218 
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2 


3 


4 
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81 
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81 

298 

81 
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81 
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81 
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81 
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81 
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81 

338 

81 

345 

81 

351 

651 

ifL 

358 

81 

365 

81 

371 

81 

378 

81 

385 

81 

301 

81 

398 

81 

405 

81 

411 

81 

418 

652 

81 

425. 

81 

431 

81 

438 

81 

445 

81 

451 

81 

458 

81 

465 

81 

471 

81 

478 

81 

485 

653 

81 

491 

81 

498 

81 

505 

81 

511 

81 

518 

81 

525 

81 

531 

81 

538 

81 

544 

81 

551 

654 

81 

558 

81 

564 

81 

571 

81 

578 

81 

584 

81 

591 

81 

.598 

81 

604 

81 

611 

81 

617 

655 

81 

624 

81 

631 

81 

^7 

81 

644 

81 

651 

81 

657 

81 

664 

81 

671 

81 

677 

81 

684 

656 

81 

690 

81 

607 

81 

704 

81 

710 

81 

717 

81 

723 

81 

730 

81 

737 

81 

743 

81 

750 

657* 

81 

767 

81 

763 

81 

770 

81 

776 

81 

783 

81 

700 

81 

796 

81 

803 

81 

800 

81 

816 

658 

81 

823 

81 

820 


836 

81 

842 

81 

840 

81 

8.56 

81 

862 

81 

869 

81 

875 

81 

882 

»659 

81 

889 

81 

895 

81 

902 

81 

908 

81 

015 

81 

921 

81 

028 

81 

035 

81 

041 

81 

948 

660 

81 

954 

81 

961 

81 

068 

81 

974 

81 

081 

p81 

987 

81 

004 

82 

000 

82 

007 

82 

014 

661 

82 

020 

82 

027 

82 

033 

82 

040 

82 

046 

82 

053 

82 

060 

82 

066 

82 

073 

82 

079 

662 

82 

086 

82 

092 

82 

090 

82 

105 

82 

112 

82 

no 

82 

125 

82 

1.32 

82 

138 

82 

145 

663 

82 

151 

82 

158 

82 

164 

82 

171 

82 

178 

82 

184 

82 

101 

82 

197 

82 

204 

82 

210 

664 

82 

217 

82 

223 

82 

230 

82 

2.36 

82 

243 

82 

240 

82 

256 

82 

263 

82 

260 

82 

276 

665 

82 

282 

82 

289 

82 

21?5 

82 

302 

82 

308 

82 

.315 

82 

321 

82 

328 

82 

334 

82 

341 

666 

82 

347 

82 
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82 

360 

82 

367 

82 

373 

82 

380 

82 

387 

82 

393 

82 

400 

82 

406 

667 

82 

413 

82 

410 

82 

426 

82 

432 

82 

439 

82 

445 

82 

452 

82 

4.58 

82 

465 

82 

471 

668 

82 

478 

82 

484 

82 

491 

82 

497 

82 

504 

82 

510 

82 

517 

82 

.523 

82 

530 

82 

536 

660 

82 

643 

82 

.549 

82 

556 

82 

562 

82 

569 

82 

.575 

82 

582 

82 

588 

82 

505 

82 

601 

670 

82 

607 

82 

614 

82 

620 

82 

627 

82 

633 

82 

640 

82 

646 

82 

653 

82 

659 

82 

666 

671 

82 

672 

82 

679 

82 

685 

82 

692 

82 

698 

82 

705 

82 

711 

82 

718 

82 

724 

82 

730 

672 

82 

737 

82 

743 

82 

750 

82 

756 

82 

763 

82 

769 

82 

776 

82 

782 

82 

780 

82 

795 

673 

82 

802 

82 

808 

82 

814 

82 

821 

82 

827 

82 

834 

82 

840 

82 

847 

82 

853 

82 

860 

674 

82 

866 

82 

872 

82 

879 

82 

885 

82 

892 

82 

808 

82 

005 

82 

911 

82 

918 

82 

924 

675 

82 

9^0 

82 

937 

82 

043 

82 

950 

82 

956 

82 

963 

82 

060 

82 

975 

82 

982 

82 

988 

676 

82 

005 

83 

001 

83 

008 

83 

014 

83 

020 

83 

027 

83 

033 

83 

040 

83 

046 

83 

052 

677 

83 

050 

83 

065 

83 

072 

83 

078 

83 

085 

83 

001 

83 

097 

83 

104 

83 

110 

83 

117 

678 

83 

123 

83 

129 

83 

136 

83 

142 

83 

149 

83 

155 

83 

161 

83 

168 

83 

174 

83 

181 

679 

83 

187 

83 

193 

83 

200 

83 

206 

83 

213 

83 

219 

83 

225 

83 

232 

83 

238 

83 

245 

660 

83 

251 

83 

257 

83 

264 

83 

270 

83 

276 

83 

283 

83 

289 

83 

296 

83 

302 

83 

308 

681 

83 

315 

83 

321 

83 

327 

83 

334 

83 

340 

83 

347 

83 

3.53 

83 

350 

83 

366 

83 

372 

682 

83 

378 

83 

385 

83 

391 

83 

398 

83 

404 

83 

410 

83 

417 

83 

423 

83 

.420 

83 

436 

683 

83 

442 

83 

448 

83 

455 

83 

461 

83 

467 

83 

474 

83 

480 

83 

487 

83 

493 

83 

499 

684 

83 

506 

83 

512 

83 

.518 

83 

525 

83 

531 

83 

537 

83 

544 

83 

550 

83 

556 

83 

.563 

685 

83 

569 

83 

57.5 

83 

582 

83 

588 

83 

594 

83 

601 

83 

607 

83 

613 

83 

620 

83 

626 

686 

83 

632 

83 

639 

83 

645 

83 

651 

83 

6.58 

83 

664 

83 

670 

83 

677 

83 

683 

83 

680 

687 

83 

606 

83 

702 

83 

708 

83 

715 

83 

721 

83 

727 

83 

734 

83 

740 


,746 

83 

753 

688 

83 

759 

83 

765 

83 

771 

83 

778 

83 

784 

83 

790 

83 

797 

83 

803 

88 

809 

83 

816 

689 

83 

822 

83 

828 

83 

835 

83 

841 

83 

847 

83 

853 

83 

860 

83 

866 

83 

872 

83 

870 

690 

83 

885 

83 

891 

83 

897 

83 

004 

83 

910 

83 

916 

83 

923 

83 

929 

83 

935 

83 

942 

601 

83 

948 

83 

954 

83 

960 

83 

967 

83 

973 

83 

979 

83 

985 

83 

992 

83 

998 

84 

004 

602 

84 

Oil 

84 

017 

84 

023 

84 

029 

84 

036 

84 

042 

84 

048 

84 

055 

84 

061 

84 

067 

693 

84 

073 

84 

080 

84 

086 

84 

092 

84 

008 

84 

105 

84 

111 

84 

1\7 

84 

123 

84 

130 

604 

84 

136 

84 

142 

84 

148 

84 

155 

84 

161 

84 

167 

84 

173 

84 

180 

84 

186 

84 

192 

605* 

84 

108 

84 

205 

84 

211 

84 

217 

84 

223 

84 

230 

84 

236 

84 

242 

84 

248 

84 

255 

696 

84 

261 

84 

267 

84 

273 

84 

280 

84 

286 

84 

292 

84 

298 

'84 

305 

84 

311 

84 

317 

607 

84 

323 

84 

330 

84 

336 

84 

342 

84 

348 

84 

354 

84 

361 

84 

367 

84 

373 

84 

370 

608 

84 

386 

84 

392 

84 

398 

84 

404 

84 

410 1 

84 

417 

84 

423 

84 

429 

84 

435 

84 

442 

600 

84 

448 

84 

454 

84 

460 

84 

466 

84 

473 

84 

470 

84 

485 

84 

491 

84 

497 

84 

504 

■■ 

■ 

■ 

1 

■ 


2 


3 




5 


6 


7 


8 


9 


650-699 







1^. , Bvamms statistics 


700 - 749 ■ 


Nq. 

• 

0 


1 


2 


3 


4 


5 


0 . 


7 ft 

• 

8 

• 

9 

TOO 

84 

510 

84 

516 

84 

522 

84 

528 

84 

535 

84 

541 

84 

547 

84 

553 

84 

559 

84 

566 

701 

84 

572 

84 

578 

84 

584 

84 

590 

84 

597 

84 

603 

84 

609 

84 

615 

84 

621 

<r84 

628 

702 

84 

634 

84 

640 

84 

646 

84 

652 

84 

658 

84 

665 

84 

671 

84 

677 

84 

^83 

84 

689 

703 

84 

696 

84 

702 

84 

708 

84 

714 

84 

720 

84 

726 

84 

733 

84 

739 

84 

745 

84 

751 

704 

84 

757 

84 

763 

84 

770 

84 

776 

84 

782 

84 

788 

84 

794 

84 

800 

U 

807 

84 

813 

703 

84 

819 

84 

825 

84 

831 

84 

837 

84 

844 

84 

850 

84 

856 

84 

862 

84 

868 

84 

874 

706 

84 

880 

84 

887 

84 

893 

84 

899 

84 

905 

84 

911 

84 

ffi7 

84 

924 

84 

930 

84 

936 

707 

84 

942 

84 

948 

84 

954 

84 

960 

84 

967 

84 

973 

84 

979 

84 

985 

84 

091 

84 

997 

708 

85 

003 

85 

009 

85 

016 

85 

022 

85 

028 

85 

034 

85 

040 

85 

046 

85 

052 

85 

058 

709 

85 

065 

85 

071 

85 

077 

85 

083 

85 

089 

85 

095 

85 

101 

^5 

107 

85 

114 

85 

120„ 

710 

85 

126 

85 

132 

85 

138 

85 

144 


ISO 

85 

156 

85 

1^1 

85 

169 

85 

175 

85 

181 

711 

85 

187 

85 

193 

85 

199 

85 

205 

85 

211 

85 

217 

85 

224 

85 

230 

85 

236 

85 

242 

712 

85 

248 

85 

254 

85 

260 

85 

266 

85 

272 

85 

278 

85 

285 

85 

291 

85 

297 

85 

303 

713 

85 

309 

85 

315 

85 

321 

85 

327 

85 

333 

85 

339 

85 

845 

85 

852 

85 

358 

85 

364 

714 

85 

370 

85 

376 

85 

382 

85 

388 

85 

394 

85 

400 

85 

406 

85 

412 

85 

418 

85 

425 

715 

85 

431 

85 

437 

85 

443 

85 

449 

85 

455 

85 

461 

85 

iA7 

85 

473 

85 

479 

85 

485 

716 

85 

491 

85 

497 

85 

503 

85 

509 

85 

516 

85 

522 

85 

528 

85 

534 

85 

540 

85 

546 

717 

85 

552 

85 

558 

85 

564 

85 

570 

85 

576 

85 

582 

85 

588 

85 

594 

85 

600 

85 

606 

718 

85 

612 

85 

618 

85 

625 

85 

631 

85 

637 

85 

643 

85 

649 

85 

655 

STy 

661 

85 

667 

719 

85 

673 

85 

679 

85 

685 

85 

691 

85 

697 

85 

703 

85 

709 

85 

715 

85 

721 

85 

727 

TiO 

85 

733 

85 

739 

85 

745 

85 

751 

85 

757 

85 

763 

85 

769 

85 

775 

85 

781 

85 

788 

721 

85 

794 

85 

800 

85 

806 

85 

812 

85 

818 

85 

824 

85 

830 

85 

836 

85 

842 

85 

848 

722 

85 

854 

85 

860 

85 

866 

85 

872 

85 

878 

85 

884 

85 

890 

85 

896 

85 

902 

85 

908 

723 

85 

914 

85 

920 

85 

926 

85 

932 

85 

938 

85 

944 

85 

950 

85 

956 

85 

962 

85 

968 

724 

83 

974 

85 

980 

85 

986 

85 

992 

85 

998 

86 

004 

86 

010 

86 

016 

86 

022 

86 

028 

725 

86 

034 

86 

040 

86 

046 

86 

052 

86 

058 

86 

064 

86 

070 

86 

076 

86 

082 

86 

088 

726 

86 

094 

86 

100 

86 

106 

86 

112 

86 

118 

86 

124 

86 

130 

86 

136 

86 

141 

86 

147 

727 

86 

153 

86 

159 

86 

165 

86 

171 

86 

177 

86 

183 

86 

189 

86 

195 

86 

201 

86 

207 

728 

86 

213 

86 

219 

86 

225 

86 

231 

86 

237 

86 

243 

86 

249 

86 

255 

86 

261 

86 

26". 

729 

86 

273 

86 

279 

86 

285 

86 

291 

86 

297 

86 

303 

86 

308 

86 

314 

86 

320 

86 

326 

TSO 

86 

332 

86 

338 

86 

344 

86 

350 

86 

356 

86 

362 

86 

368 

86 

374 

86 

380 

86 

386 

731 

86 

392 

86 

398 

86 

404 

86 

410 

86 

415 

86 

421 

86 

427 

86 

433 

86 

439 

86 

446 

732 

86 

451 

86 

457 

86 

463 

86 

469 

86 

475 

86 

481 

86 

487 

86 

493 

86 

499 

86 

604 

733 

86 

510 

86 

516 

86 

522 

86 

528 

86 

684 

86 

540 

86 

546 

86 

552 

86 

558 

86 

664 

734 

86 

570 

86 

576 

86 

581 

86 

687 

86 

593 

86 

599 

86 

605 

86 

611 

86 

617 

86 

623 

733 

86 

629 

86 

635 

86 

641 

86 

646 

86 

652 

86 

658 

86 

664 

86 

670 

86 

676 

86 

682 

736 

86 

688 

86 

694 

86 

700 

86 

705 

86 

711 

86 

717 

86 

723 

86 

729 

86 

735 

86 

741 

737 

86 

747, 

86 

753 

86 

759 

86 

764 

86 

770 

86 

776 

86 

782 

86 

788 

86 

794 

86 

800 

738 

86 

806 

86 

812 

86 

817 

86 

823 

86 

829 

86 

835 

86 

841 

86 

847 

86 

853 

86 

859 

.739 

86 

864 

86 

870 

86 

876 

86 

882 

86 

888 

86 

894 

86 

900 

86 

906 

86 

911 

86 

917 

TOO 

86 

923 

86 

929 

86 

935 

86 

941 

86 

947 

86 

953 

86 

958 

86 

964 

86 

970 

86 

976 

741 

86 

982 

86 

988 

86 

994 

86 

999 

87 

005 

87 

Oil 

87 

017 

87 

023 

87 

029 

87 

035 

742 

87 

040 

87 

046 

87 

052 

87 

058 

87 

064 

87 

070 

87 

075 

87 

081 

87 

087 

87 

093 

743 

87 

099 

87 

m 

87 

111 

87 

116 

87 

122 

87 

128 

.87 

134 

87 

140 

87 

146 

87 

151 

744 

87 

157 

87 

163 

87 

169 

87 

17fi 

87 

181 

87 

186 

87 

192 

87 

198 

87 

204 

87 

210 

745 

87 

216 

87 

221 

87 

227 

87 

233 

87 

239 

87 

245 

87 

251 

87 

256 

87 

262 

87 

4368 

746 

87 

274 

87 

280 

87 

286 

87 

291 

87 

297 

87 

303 

87 

809 

87 

315 

87 

320 

87 

326^ 

747 

87 

332 

87 

838 

87 

344 

87 

349 

87 

355 

87 

361 

87 

367 

87 

373 

87 

379 

87 

384 

748 

87 

890 

87 

396 

87 

402 

87 

408 

87 

413 

87 

419 

87 

425 

87 

431 

87 

437 

87 

442 

749. 

87 

448 

87 

4M 

87 

460 

87 

466 

87 

471 

87. 

477 

87 

483 

87 

489 

87 

495 

87 

500 

No. 

( 

■ 


1 

2 

3 


■ 

1 

1 

( 


B 

B 

9 


i C 


700^749 











.yS7.506 
87 664 
87 622 
87 679 
87 737 


87 612 87 518 
87 670 87 676 
87 628 87 633 
87 686 87 691 
87 743 87 749 


87 800 87'«06 
87 858 87 864 
87 916 87 921 

87 973 * 87 978 

88 030 88 036 


88 649 88 666 88 660 88 666 88 672 

88 705 88 711 88 717 88 722 88 728 

88 762 88 767 88 773 88 779 88 784 

88 818 88 824 88 820 88 836 88 840 

88 874 88 880 88 885 88 891 88 897 

88 930 88 936 88 941 88 047 88 963 

88 986 88 992 88 997 89 003 89 009 

80 042 80 048* 80 053 80 060 89 064 

80 008 89 104 89 109 89 116 89 120 

80 164 89 169 80 166 80 170 89 176 

80 200 89 216 89 221 89 226 89 232. 

80 266 89 271 80 276 89 282 89 287 

89 321 89 326 89 332 89 337 89 343 

80 376 80 382 89 387 89 393 89 398 

89 432 80 437 89 443 80 448 89 464 


89 487 89 402 89 408 80 604 89 609 
89 642 80 548 89 663 80 660 89 664 


80 607 89 603 


89 653 80 668 89 664 80 669 
80 708 89 713 89 710 89 724 


80 614 89 620 80 625 80 631 


88 677 88 683 88 680 88 604 88 700 

88 734 88 730 88 745 88 760 88 766 

88 790 88 796 88 801 88 807 88 812 

88 846 88 852 88 S67 88 863 88 868 

88 902 88 008 88 013 88 010 88 925 

88 968 88 964 88 060 88 975 88 981 

89 014 89 020 80 025 89 031 89 037 

89 070 89 076 80 081 80 087 89 002 

89 126 89 131 89 137 89 143 89 148 

89 182 89 187 89 193 80 198 89 204 

80 237 89 243 80 248 80 254 80 260 

89 203 89 208 80 304 89 310 80 315 

89 348 8n 364 80 360 80 366 89 371 

80 404 89 100 80 415 89 421 80 426 

80 460 89 465 89 470 89 476 80 481 

89 615 80 620 80 626 80 531 80 637 

80 670 89 675 89 681 89 586 89 592 

80 625 80 631 80 636 80 642 80 647 

89 680 89 686 80 601 89 697 89 702 


89 763 89 768 
80 818 89 823 


774 80 779 89 785 
829 89 834 89 840 


80 873 80 878 80 883 
89 027 89 933 80 038 
89 082 89 988 89 093 


889 89 894 
944 80 049 
908 00 004 


89 680 89 686 80 601 89 697 

89 735 80 741 89 746 89 762 

89 790 89 706 89 801 89 807 

89 846 80 861 80 866 89 862 

80 000 89 905 80 011 89 016 

89 960 89 ^66 


89 016 80 022 
80 971 80 977 


00 037 90 042 90 048 00 053 00 069 

90 001 00 097 00 102 00 108 00 113 

90 146 00 161 90 167 90 162 90 168 

90 200 90 206 00 211 90 217 90 222 

90 265 00 260 00 266 90 271 00 276 


80 055 89 960 89 066 80 971 80 977 

90 009 90 015 90 020 90 026 90 031 

90 064 90 069 90 075 00 080 90 086 

00 110 90 124 90 129 90 135 90 140 

90 173 90 179 90 184 . 90 189 90 195 
90 227 90 233 90 238 00 244 00 240 

00 282 00 287 90 293 90 298 90 304 


760-799 









< 


BUSINESS STATISTICS 


744 


800-849 


No. ‘ 


0 


1 


2 


3 


4 


5 


6 


» • 


8 * 


0 

800 

00 

300 

00 

314 

90 

320 

00 

325 

00 

331 

90 

336 

00 

342 

00 

347 

00 

.852 

00 

358 

801 

00 

363 

00 

369 

90 

374 

90 

380 

90 

385 

90 

300 

00 

306 

00 

401 

00 

40I7 

00 

412 

802 

00 

417 

90 

423 

90 

428 

90 

434 

00 

439 

90 

445 

90 

450 

00 

455 

06 

461 

00 

466 

803 

00 

472 

00 

477 

00 

482 

90 

488 

00 

493 

00 

490 

90 

504 

00 

500 

00 

615 

00 

620 

804 

90 

626 

oe 

531 

90 

636 

00 

542 

00 

647 

00 

553 

90 

558 

00 

563 

00 

560 

00 

574 

805 

00 

580 

00 

585 

00 

500 

00 

506 

00 

601 

00 

607 

00r612 

00 

617 

00 

623 

00 

628 

806 

00 

634 

00 

639 

00 

644 

00 

650 

00 

655 

00 

660 

90 

666 

00 

671 

oq. 

677 

00 

682 

807 

00 

687 

00 

603 

00 

608 

00 

703 

90 

709 

00 

714 

90 

720 

00 

725 

od 

730 

90 

736 

808 

90 

741 

00 

747 

00 

762 

90 

757 

00 

763 

00 

768 

00 

773. 

00 

779 

00 

784 

00 

789 

800 

00 

705 

00 

800 

00 

806 

00 

811 

90 

816 

90 

822 

90 

827 

00 

832 

00 

838 

90 

843 

810 

00 

849 

00 

854 

00 

859 

00 

865 

«90 

870 

90 

875 

00 

*881 

00 

886 

00 

891 

90 

807 

811 

00 

902 

90 

007 

00 

013 

90 

918 

90 

924 

00 

029 

90 

034 

00 

040 

00 

945 

90 

060 

812 

90 

956 

90 

061 

00 

066 

90 

072 

90 

077 

00 

082 

00 

088 

00 

993 

00 

008 

01 

004 

813 

01 

000 

91 

014 

01 

020 

91 

025 

91 

030 

01 

036 

91 

041 

01 

046 

91 

052 

91 

067 

814 

01 

062 

01 

068 

91 

073 

01 

078 

91 

084 

01 

080 

91 

004 

01 

100 

01 

105 

01 

no 

818 

01 

116 

91 

121 

91 

126 

91 

132 

01 

137 

01 

142 

1 .' 

91 

148 

01 

153 

01 

168 

01 

164 

816 

01 

169 

01 

174 

91 

180 

91 

185 

91 

190 

91 

196 

91 

201 

01 

206 

01 

212 

01 

217 

817 

01 

222 

01 

228 

91 

233 

91 

238 

91 

243 

01 

240 

01 

254 

01 

259 

01 

265 

01 

270 

818 

01 

276 

01 

281 

91 

286 

01 

291 

91 

297 

01 

302 

01 

307 

01 

312 

01 

318 

91 

323 

810 

01 

328 

01 

334 

01 

330 

91 

344 

01 

350 

01 

355 

01 

360 

01 

365 

01 

371 

01 

376 

880 

91 

381 

01 

387 

01 

302 

01 

307 

91 

403 

91 

408 

91 

413 

91 

418 

01 

424 

01 

420 

821 

91 

434 

01 

440 

01 

445 

01 

450 

01 

455 

91 

461 

01 

466 

01 

471 

91 

477 

91 

482 

822 

01 

487 

01 

402 

01 

408 

91 

503 

01 

508 

01 

514 

91 

510 

91 

524 

01 

529 

91 

535 

823 

01 

640 

01 

545 

91 

551 

91 

556 

01 

561 

91 

566 

91 

572 

91 

577 

91 

582 

01 

587 

824 

91 

508 

01 

508 

01 

603 

91 

609 

91 

614 

91 

619 

01 

624 

01 

630 

91 

635 

91 

640 

820 

01 

645 

01 

651 

91 

656 

01 

661 

01 

666 

01 

672 

91 

677 

01 

682 

91 

687 

01 

603 

826 

01 

608 

01 

703 

91 

709 

91 

714 

91 

710 

91 

724 

01 

730 

01 

735 

91 

740 

01 

745 

827 

9^ 

751 

91 

756 

01 

761 

01 

766 

91 

772 

91 

777 

01 

782 

01 

787 

91 

793 

01 

798 

828 

01 

803 

01 

808 

01 

814 

01 

819 

91 

824 

91 

829 

91 

834 

91 

840 

01 

845 

01 

850 

820 

01 

855 

91 

861 

91 

866 

01 

871 

91 

876 

91 

882 

91 

887 

91 

892 

01 

897. 

01 

903 

880 

01 

908 

91 

913 

91 

918 

91 

924 

91 

929 

01 

934 

91 

030 

01 

944 

91 

050 

91 

955 

831 

01 

960 

01 

965 

91 

071 

91 

976 

91 

§81 

91 

086 

91 

001 

91 

997 

02 

002 

92 

007 

. 832 

02 

012 

92 

018 

02 

023 

02 

028 

92 

033 

92 

038 

02 

044 

02 

049 

92 

064 

02 

050 

833 

02 

065 

02 

070 

92 

075 

02 

080 

92 

085 

02 

091 

02 

006 

02 

101 

02 

106 

02 

111 

834 

02 

117 

92 

122 

02 

127 

02 

132 

02 

137 

92 

143 

92 

148 

02 

153 

92 

158 

02 

163 

835 

02 

169 

92 

174 

92 

179 

02 

184 

02 

189 

92 

105 

92 

200 

92 

205 

92 

210 

02 

215 

836 

02 

221 

02 

226 

92 

231 

92 

236 

92 

241 

92 

247 

92 

252 

92 

257 

02 

262 

02 

267 

837 

02 

173 

02 

278 

92 

283 

02 

288 

92 

293 

92 

298 

02 

304 

02 

309 

02 

314 

02 

310 

838 

02 

324 

92 

330 

92 

336 

92 

340 

92 

845 

92 

350 

02 

356 

02 

361 

02 

366 

02 

371 ' 

839 

02 

376 

92 

381 

92 

387 

92 

392 

02 

397 

92 

402 

02 

407 

02 

412 

02 

418 

02 

423 

840 

02 

428 

92 

433 

02 

438 

02 

443 

02 

449 

92 

454 

02 

450 

92 

464 

02 

460 

02 

474 

841 

92 

480 

92 

485 

92 

490 

02 

405 

92 

500 

92 

505 

02 

511 

02 

516 

02 

521 

92 

526 

842 

02 

531 

92 

536 

92 

542 

92 

547 

02 

552 

92 

567 

02 

562 

02 

667 

02 

672 

02 

678 

848 

02 

583 

02 

588 

02 

593 

92 

508 

02 

,603 

02 

600 

02 

614 

02 

619 

02 

624 

02 

620 

844 

02 

634 

02 

639 

02 

645 

02 

w 

92 

655 

92 

660 

02 

665 

02 

670 

02 

675 

02 

681 

845 

92 

686 

02 

601 

02 

606 

92 

701 

02 

706 

92 

711 

02 

716 

02 

722 

02 

727 

62 

732 

846 

02 

737 

02 

742 

.02 

747 

02 

762 

02 

758 

92 

763 

02 

768 

02 

773 

92 

778 

02 

783 

847 

02 

788 

02 

703 

02 

700 

02 

804 

92 

809 

02 

814 

02 

819 

02 

824 

02 

829 

02 

834 

848 

02 

840 

02 

845 

02 

850 

02 

855 

92 

860 

92 

865 

02 

870 

02 

875 

02 

881 

02 

886 

840 

92 

801 

08 

806 

02 

901 

02 

006 

02 

Oil 

92 

016 

92 

021 

02 

027 

92 

032 

02 

037 

No. 

1 

0 


1 


2 

8 


4 


5. 

1 

6 


7 


8 


0 


800-049 


c 








APPENDIX Vn * 746 


860-899 


No. 

* 

0 


1* 


2 

3 


i 


5 


5 


7 

8 

‘ 0. 

m 


042 

02 

947 

02 

052 

02 

057 

92 

062 

02 

067 

92 

073 

02 

078 

02 

083 

02 

088 

851 

02 

993 

02 

008 

03 

003 

03 

008 

03 

013 

03 

018 

03 

024 

93 

029 

03 

034 

03 

030 

852 

03 

0^4 

03 

040 

93 

054 

93 

059 

93 

064 

03 

060 

03 

075 

93 

080 

03 

085 

03 

000 

853 

03 

005 

03 

100 

93 

105 

03 

110 

03 

115 

03 

120 

03 

125 

03 

131 

03 

136 

03 

141 

854 

03 

«146 

03 

151 

03 

156 

03 

161 

03 

166 

03 

171 

03 

176 

03 

181 

03 

186 

93 

102 

855 

93 

197 

93 

202 

03 

267 

03 

212 

93 

217 

03 

222 

03 

227 

03 

232 

03 

237 

93 

242 

856. 

03 

247 

03 

252 

03 

258 

03 

263 

03 

268 

03 

273 

93 

278 

03 

283 

03 

288 

93 

203 

857 

03 

208 

03 

303 

03 

308 

03 

313 

93 

318 

03 

323 

03 

328 

93 

334 

03 

330 

93 

344 

858 

03 

340 

03 

354 

«3 

350 

03 

364 

03 

369 

03 

374 

93 

379 

03 

384 

93 

380 

93 

304 


03 

300 

03 

404 

03 

400 

03 

414 

03 

420 

03 

425 

03 

430 

03 

435 

03 

440 

03 

445 

860 

03 

450 

03 

455 

03 

'460 

03 

465 

03 

470 

*93 

475 

03 

480 

03 

485 

03 

400 

03 

405 

861 

03 

500 

93 

505 

93 

510 

04 

515 

03 

520 

93 

526 

03 

531 

03 

536 

03 

541 

93 

546 

862 

03 

551 

03 

5.56 

03 

561 

03 

566 

03 

.571 

03 

576 

03 

581 

03 

586 

03 

501 

93 

506 

863 

03 

601 

03 

606 

03 

611 

03 

616 

93 

621 

03 

626 

03 

631 

03 

636 

03 

641 

03 

646 

864 

03 

651 

03 

656 

03 

661 

03 

666 

03 

671 

93 

676 

03 

682 

03 

687 

03 

602 

03 

607 

865 

03 

702 

03 

707 

03 

712 

03 

717 

03 

722 

03 

727 

03 

732 

93 

737 

03 

742 

03 

747 


03 

752 

03 

757 

03 

762 

03 

767 

03 

772 

03 

777 

03 

782 

03 

787 

03 

702 

93 

797 

867 

03 

802 

03 

807 

03 

812 

03 

817 

03 

822 

03 

827 

03 

832 

03 

837 

93 

842 

03 

847 

868 

03 

852 

93 

857 

03 

862 

93 

867 

93 

872 

93 

877 

03 

882 

93 

887 

03 

802 

03 

807 

860 

03 

002 

03 

007 

03 

912 

03 

917 

03 

022 

03 

927 

03 

032 

03 

037 

03 

042 

93 

047 


03 

052 

03 

957 

03 

062 

03 

067 

93 

072 

03 

977 

03 

082 

03 

087 

03 

002 

03 

007 

871 

04 

002 

04 

007 

04 

012 

04 

017 

94 

022 

04 

027 

04 

032 

04 

037 

04 

042 

04 

047 

872 ‘ 

04 

052 

04 

057 

04 

062 

04 

067 

04 

072 

04 

077 

04 

082 

04 

086 

04 

001 

04 

006 

873 

04 

101 

04 

106 

04 

111 

94 

116 

04 

121 

94 

126 

94 

131 

04 

136 

04 

141 

04 

146 

874 

04 

151 

04 

156 

.04 

161 

04 

166 

94 

171 

94 

176 

04 

181 

04 

186 

94 

101 

04 

106 

875 

94 

201 

04 

206 

94 

211 

04 

216 

94 

221 

04 

226 

94 

231 

94 

236 

94 

240 

04 

245 

876 

04 

250 

94 

255 

94 

260 

94 

265 

94 

270 

04 

275 

04 

280 

04 

285 

04 

200 

04 

205 

877 

04 

300 

04 

305 

04 

310 

04 

315 

04 

320 

94 

325 

94 

330 

94 

335 

04 

340 

04 

345 

878 

94 

349 

04 

354 

04 

350 

94 

364 

94 

369 

94 

374 

94 

379 

94 

384 

04 

380 

04 

304 

870 

04 

390 

94 

404 

94 

409 

04 

414 

94 

419 

04 

424 

94 

429 

04 

433 

94 

438 

04 

443 

880 

04 

448 

04 

453 

04 

458 

04 

463 

94 

468 

04 

473 

94 

478 

04 

483 

04 

488 

94 

403 

881 

04 

498 

94 

503 

04 

.507 

94 

512 

94 

517 

04 

522 

94 

r>27 

04 

532 

04 

537 

04 

542 

882 

04 

547 

94 

552 

94 

557 

94 

562 

94 

567 

04 

571 

94 

576 

94 

581 

94 

586 

94 

501 

883 

04 

596 

04 

601 

04 

606 

94 

611 

04 

616 

04 

621 

94 

626 

04 

630 

94 

635 

04 

-640 

884 

04 

645 

94 

650 

04 

655 

04 

660 

94 

665 

04 

670 

04 

675 

94 

680^ 

04 

685 

04 

689 

885 

04 

604 

04 

600 

04 

704 

94 

709 

04 

714 

94 

710 

04 

724 

04 

729 

04 

734 

94 

738 

886 

94 

743 

04 

748 

04 

753 

94 

758 

04 

763 

94 

768 

94 

773 

04 

778 

04 

783 

04 

787 

887 

04 

792 

04 

707 

04 

802 

04 

807 

04 

812 

04 

817 

04 

822 

94 

827 

04P 

832 

04 

836 

888 

04 

841 

94 

846 

04 

851 

94 

856 

04 

861 

94 

866 

94 

871 

04 

876 

04 

880 

94 

885 

880 

04 

800 

04 

805 

04 

900 

94 

905 

94 

910 

94 

915 

94 

919 

04 

924 

04 

080 

94 

034 


04 

030 

94 

044 

04 

940 

04 

054 

94 

059 

04 

063 

04 

968 

94 

073 

04 

078 

04 

083 

801 

04 

088 

04 

003 

94 

098 

05 

002 

05 

007 

05 

012 

95 

017 

05 

022 

95 

027 

05 

032 

802 

05 

036 

05 

041 

05 

046 

05 

OTil 

95 

056 

05 

061 

95 

066 

95 

071 

95 

075 

95 

080 

803 

95 

085 

05 

000 

05 

095 

95 

100 

05 

105 

95 

100 

05 

114 

05 

liQ 

05 

124 

95 

120 

804 

95 

134 

95 

139 

05 

143 

05 

148 

95 

153 

05 

158 

95 

163 

05 

168 

05 

173 

95 

177 

» 

805 

95 

182 

05 

187 

05 

102 

95 

107 

05 

202 

05 

207 

05 

211 

05 

216 

05 

221 

05 

226 

)ft06 

05 

231 

05 

236 

05 

240 

95 

245 

05 

250 

05 

255 

05 

260 

05 

265 

05. 

270 

05 

274 

807 

05 

270 

05 

284 

05 

280 

05 

204 

95 

209 

95 

303 

05 

308 

05 

313 

05 

818 

05 

323 

898 

05 

828 

95 

332 

05 

337 

05 

342 

95 

347 

05 

3.52 

95 

357 

05 

361 

05 

366 

95 

371 

800 

95 

376 

05 

381 

05 

386 

05 

300 

95 

395 

95 

400 

05 

405 

05 

410 

05 

415 

95 

410 

No. 


0 


1 


2 


3 


4 


5 


6 


7 

8 

• 


9 


860-899 


I 















7 » • ' BUSINESS STATISTICS 


900-949 


No. 


0 


1 


2 


3 


4 


5 


6 


7t 


8 


0 

900 

95 

424 

05 

429 

05 

434 

05 

430 

05 

444 

05 

448 

95 

458 

95 

458 

05 

463 

95 

468 

001 

05 

472 

05 

477 

05 

482 

95 

487 

05 

402 

05 

497 

05 

501 

05 

506 

05 

dlic 95 

516 

002 

05 

521 

05 

525. 

95 

530 

05 

585 

05 

540 

05 

545 

95 

550 

05 

554 

05 

.550 

95 

664 

008 

05 

560 

05 

574 

05 

578 

.95 

588 

05 

588 

05 

593 

95 

508 

95 

602 

95 

607 

95 

612 

004 

05 

617 

05 

622 

05 

626 

95 

631 

05 

636 

05 

641 

05 

646 

05 

650 

95 

655 

t 

95 

660 

008 

05 

665 

05 

670 

95 

674 

96 

670 

05 

684 

05 

680 

95 

604 

95 

608 

05 

703 

05 

708 

006 

05 

713 

05 

718 

05 

722 

05 

727 

95 

732 

05 

737 

95 

742 

95 

746 

05 

751 

06 

766 

007 

05 

761 

05 

766 

05 

770 

05 

775 

05 

780 

05 

785 

95 

780 

05 

794 

05 

790 

96. 

-804 

008 

05 

800 

05 

813 

95 

818 

95 

823 

95 

828 

95 

832 

05 

837 

95 

842 

05 

847 

95 

852 

000 

05 

856 

05 

861 

05 

866 

05 

871 

05 

875 

95 

880 

05 

885 

‘95 

800 

95 

89& 

95 

80^ 

910 

05 

004 

05 

000 

05 

914 

95 

918 

05 

923 

95 

028 

05 

0g3 

95 

038 

05 

942 

95 

947 

Oil 

05 

052 

05 

057 

95 

9dl 

95 

066 

95 

971 

95 

076 

05 

980 

95 

985 

05 

990 

95 

905 

012 

05 

090 

06 

004 

06 

009 

96 

014 

96 

019 

96 

023 

06 

028 

06 

033 

96 

038 

96 

042 

013 

06 

047 

06 

052 

06 

057 

96 

061 

96 

066 

96 

071 

06 

076 

96 

080 

06 

085 

96 

090 

014 

06 

095 

06 

090 

06 

104 

96 

100 

96 

114 

96 

118 

06 

123 

06 

128 

96 

133 

96 

137 

015 < 

06 

142 

06 

147 

06 

152 

96 

156 

96 

161 

06 

166 

96 471 

06 

175 

06 

180 

96 

185 

016 

06 

100 

96 

104 

06 

100 

96 

204 

96 

200 

96 

213 

06 

218 

06 

223 

06 

227 

96 

232 

017 

06 

237 

06 

242 

96 

246 

96 

251 

96 

256 

06 

261 

06 

265 

06 

270 

06 

275 

96 

280 

018 

06 

284 

06 

280 

06 

294 

96 

298 

96 

303 

96 

308 

06 

313 

06 

317 

06 

322 

96 

327 

010 

06 

332 

06 

336 

96 

341 

96 

346 

96 

350 

06 

355 

06 

360 

96 

365 

06 

360 

96 

374 

910 

06 

370 

06 

384 

96 

388 

96 

393 

96 

308 

06 

402 

06 

407 

96 

412 

06 

417 

96 

421 

021 

06 

426 

06 

431 

06 

435 

96 

440 

96 

445 

96 

450 

06 

454 

96 

459 

06 

464 

96 

468 

022 

06 

473 

96 

478 

96 

483 

96 

487 

96 

402 

06 

407 

06 

501 

96 

506 

06 

511 

96 

515 

023 

06 

520 

06 

525 

06 

530 

06 

534 

96 

539 

96 

544 

06 

548 

06 

553 

96 

558 

06 

562 

024 

06 

567 

06 

572 

06 

577 

96 

581 

96 

586 

96 

591 

06 

505 

06 

600 

96 

605 

96 

600 

025 

06 

614 

06 

610 

06 

624 

96 

628 

96 

633 

96 

638 

06 

642 

96 

647 

06 

652 

96 

656 

026 

06 

661 

96 

666 

96 

670 

96 

675 

96 

680 

06 

685 

06 

689 

06 

694 

06 

'699 

06 

703 

027 

06 

708 

96 

713 

96 

717 

96 

722 

96 

727 

96 

731 

06 

736 

06 

741 

• 96 

745 

96 

750 

028 

06 

755 

96 

759 

96 

764 

96 

769 

96 

774 

96 

778 

06 

783 

06 

788 

06 

702 

06 

797 

020 

06 

802 

96 

806 

96 

811 

06 

816 

96 

820 

96 

825 

06 

830 

96 

834 

96 

839 

96 

844 

980 

06 

848 

06 

853 

06 

858 

96 

862 

96 

867 

96 

872 

06 

876 

06 

881 

96 

8S6 

96 

890 

031 

06 

805 

06 

000 

96 

904 

96 

909 

96 

044 

06 

918 

96 

923 

06 

028 

06 

932 

06 

037 

032 

06 

942 

06 

046 

96 

051 

96 

956 

96 

060 

96 

065 

06 

970 

96 

974 

06 

979 

96 

984 

083 

06 

988 

06 

003 

96 

007 

97 

002 

97 

007 

97 

Oil 

07 

016 

97 

021 

97 

025 

97 

030 

034 

07 

035 

07 

030 

97 

044 

97 

049 

07 

058 

97 

058 

07 

063 

97 

067 

97 

072 

97 

077 

035 

07 

081 

97 

086 

97 

090 

97 

095 

97 

100 

07 

104 

07 

109 

97 

114 

97 

118 

97 

123 

036 

07 

128 

07 

132 

97 

137 

97 

142 

97 

146 

07 

151 

07 

165 

97 

160 

07 

165 

97 

169 

037 

07 

174 

07 

179 

97 

183 

97 

188 

07 

192 

07 

107 

07 

202 

97 

206 

07 

211 

97 

216 

088 

07 

220 

07 

225 

97 

230 

97 

234 

97 

239 

07 

243 

07 

248 

97 

253 

07 

257 

97 

262 

. 030 

07 

;867 

07 

271 

97 

276 

97 

280 

07 

285 

97 

290 

07 

2|M 

97 

209 

07 

304 

97 

308 

940 

07 

813 

07 

317 

97 

322 

97 

327 

07 

331 

97 

836 

97 

340 

97 

345 

07 

350 

97 

364 

041 

07 

850 

07 

364 

97 

368 

97 

373 

07 

377 

97 

382 

97 

387 

97 

391 

97 

396 

97 

400 

042 

07 

405 

97 

410 

97 

414 

97 

419 

07 

424 

97 

428 

97 

433 

97 

437 

97 

442 

97 

447 

043 

1 07 

451 

07 <456 

97 

460 

97 

465 

07 

470 

07 

474 

97 

479 

'97 

483 

97 

488 

07 

493 

044 

07 

407 

07 

502 

97 

506 

97 

511 

07 

516 

07 

520 

97 

525 

97 

529 

97 

534 

97 

639 

045 

07 

543 

07 

548 

07 

552 

97 

557 

97 

562 

07 

566 

07 

571 

07 

575 

07 

580 

07k 

585 

040 

07 

580 

07 

504 

97 

508 

97 

608 

07 

607 

07 

612 

07 

617 

07 

621 

97 

626 

97 

680 

047 

07 

635 

07 

640 

97 

644 

97 

640 

07 

653 

07 

658 

07 

663 

97 

0^7 

07 

672 

97 

676 

048 

07 

681 

07 

685 

07 

600 

07 

605 

07 

600 

07 

704 

07 

708 

07 

718 

07 

717 

97 

722 

049 

07 

727 

07 

781 

07 

736 

07 

740 

07 

745 

97 

740 

07 

754 

07 

759 

07 

763 

97 

768 

No. 

1 

0 

-JL. 

- 

1 


2 

8 


□ 


5 


6 


7 


8 

1 

0 


900-949 
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a 

960-1000 


No. 


D 

* 

1 

2 

3 


1 


5 

6 


7 

8 

• 

9 . 

•60 

97 

^73 

97 

777 

97 

782 

97 

786 

97 

791 

97 

705 

97 

800 

07 

804 

07 800 

97 

813 

951 

97 

818, 

97 

823 

97 

827 

97 

832 

97 

836 

97 

841 

97 

845 

97 

850 

07 855 

97 

850 

952 

97 

864 

97 

868 

97 

873 

97 

877 

97 

882 

97 

886 

97 

801 

97 

806 

97 000 

97 

905 

953 

97 

909 

97 

914 

97 

918 

97 

923 

97 

928 

07 

932 

97 

037 

97 

041 

97 046 

97 

050 

954 

97 

m 

97 

959 

97 

964 

97 

068 

97 

973 

97 

978 

97 

082 

97 

087 

07 901 

97 

006 

955 

98 

000 

98 

005 

98 

001.^ 

98 

014 

08 

010 

98 

023 

08 

028 

08 

032 

08 037 

98 

041 

956 

98 

046» 

98 

050 

98 

055 

98 

059 

08 

064 

98 

068 

98 

073 

08 

078 

08 082 

98 

087 

957 

98 

091 

98 

096 

98 

100 

98 

105 

08 

100 

98 

114 

08 

118 

08 

123 

08 127 

98 

132 

958 

98 

137 

98 

141 

98 

146 

98 

150 

98 

155 

98 

150 

98 

164 

98 

168 

08 173 

08 

177 

959 

98 

182 

98 

186 

98 

101 

98 

195 

98 

200 

98 

204 

08 

200 

08 

214 

98 218 

98 

223 

•60 

98 

227 

98 

232 

98 

2Sb 

98 

241 

08 

245 

98 

250 

08 

254 

08 

250 

98 263 

98 

268 

961 

98 

272 

98 

277 

98 

281 

98 

286 

08 

200 

98 

205 

08 

209 

08 

304 

08 308 

98 

313 

962 

98 

318 

98 

322 

98 

327 

98 

331 

08 

336 

08 

340 

08 

345 

98 

349 

98 354 

98 

358 

963 

98 

363 

98 

367 

98 

372 

98 

376 

08 

381 

98 

385 

98 

300 

08 

304 

98 390 

98 

403 

964 

98 

408 

98 

412 

98 

417 

98 

421 

98 

426 

08 

430 

08 

435 

08 

430 

08 444 

98 

448 

965 

98 

453 

98 

457 

98 

462"* 

98 

466 

98 

471 

08 

475 

08 

480 

08 

484 

98 489 

98 

493 

966 

98 

498 

98 

502 

98 

507 

98 

511 

98 

516 

08 

520 

98 

525 

08 

529 

98 534 

98 

538 

967 

98 

543 

98 

547 

98 

552 

98 

556 

98 

561 

98 

565 

08 

570 

08 

574 

08 579 

08 

583 

968 

98 

588 

98 

592 

98 

597 

98 

601 

08 

605 

98 

610 

98 

614 

08 

610 

98 623 

08 

628 

969 

98 

632 

98 

637 

08 

641 

98 

646 

98 

650 

08 

655 

08 

659 

08 

664 

08 668 

08 

673 

•70 

98 

677 

98 

682 

98 

686 

98 

691 

08 

695 

08 

700 

08 

704 

08 

709 

08 713 

98 

717 

971 

98 

722 

98 

726 

98 

731 

98 

735 

08 

740 

08 

744 

08 

749 

08 

753 

98 758 

98 

762 

972 

98 

767 

98 

771 

98 

776 

98 

780 

08 

784 

08 

780 

98 

793 

98 

798 

08 802 

98 

807 

973 

98 

811 

98 

816 

98 

820 

98 

825 

08 

829 

08 

834 

08 

838 

08 

843 

08 847 

98 

851 

974 

98 

856 

98 

860 

98 

865 

98 

869 

08 

874 

98 

878 

98 

883 

08 

887 

08 892 

98 

806 

975 

98 

900* 

98 

905 

98 

909 

98 

014 

98 

018 

08 

923 

08 

927 

98 

932 

08 936 

98 

941 

976 

98 

945 

98 

949 

98 

954 

98 

058 

08 

063 

08 

967 

08 

972 

08 

976 

08 081 

98 

085 

977 

98 

989 

98 

994 

98 

098 

99 

003 

90 

007 

99 

012 

00 

016 

90 

021 

00 025 

99 

020 

978 

99 

034 

99 

038 

99 

043 

99 

047 

09 

052 

90 

056 

99 

061 

09 

065 

00 069 

99 

074 

979 

99 

078 

99 

083 

99 

087 

99 

092 

09 

096 

09 

100 

99 

105 

90 

100 

99 114 

99 

118 

•80 

99 

123 

99 

127 

09 

131 

90 

136 

99 

140 

00 

145 

99 

149 

99 

154 

99 158 

99 

162 

981 

99 

167 

99 

171 

99 

176 

09 

180 

99 

185 

90 

189 

00 

103 

09 

198 

09 202 

90 

207 

982 

99 

211 

99 

216 

09 

220 

09 

224 

00 

229 

09 

233 

00 

238 

00 

242 

00 247 

99 

251 

983 

99 

255 

99 

260 

99 

264 

99 

260 

00 

273 

99 

277 

00 

282 

90 

286 

00 291 

09 

295 

984 

99 

300 

99 

304 

09 

308 

09 

313 

00 

317 

99 

322 

00 

326 

00 

330 

99 335 

• 

99 

330 

985 

99 

344 

99 

348 

09 

352 

90 

357 

99 

361 

00 

366 

09 

370 

99 

374 

99 379 

00 

383 

> 986 

99 

388 

99 

392 

99 

396 

90 

401 

00 

405 

90 

410 

99 

414 

09 

419 

99 423 

90 

427 

• 987 

99 

432 

99 

436 

90 

441 

99 

445 

90 

449 

99 

454 

90 

458 

99 

463 

09 467 

90 

471 

988 

99 

476 

99 

480 

99 

484 

99 

480 

99 

493 

99 

408 

99 

502 

99 

506 

00 511 

90 

515 

989 

99 

520 

99 

524 

90 

528 

99 

533 

99 

537 

99 

542 

99 

546 

99 

550 

90 555 

09 

550 

••0 

99 

564 

99 

568 

09 

572 

99 

577 

09 

581 

00 

585 

99 

500 

99 

594 

90 590 

90 

603 1 

901 

99 

607 

99 

612 

00 

616 

90 

621 

99 

625 

90 

629 

90 

634 

99 

638 

90 642 

00 


992 

99 

651 

99 

656 

99 

660 

99 

664 

90 

660 

00 

673 

90 

677 

90 

682 

90 686 

90 

691 ! 

993 

99 

695 

99 

699 

90 

704 

90 

708 

90 

712 

99 

717 

09 

721 

90 

726* 

99 730 

09 

734 1 

994 

99 

739 

99 

743 

09 

747 

99 

752 

99 

756 

99 

760 

99 

765 

09 

769 

09 774 

00 

778 

995' 

99 

782 

99 

787 

00 

791 

99 

795 

00 

800 

09 

804 

99 

808 

09 

813 

99 817 

00 

822 

9^6 

99 

826 

99 

830 

09 

835 

90 

839 

00 

843 

99 

848 

90 

852 

00 

856 

90 861 

99 

865 

997 

99 

870 

99 

874 

09 

878 

09 

883 

90 

887 

99 

801 

90 

896 

09 

900 

90 904 

90 

900 

998 

99 

913 

99 

917 

00 

922 

09 

026 

00 

030 

99 

035 

09 

039 

09 

044 

09 948 

90 

052 

999 

99 

957 

99 

961 

99 

965 

09 

070 

99 

974 

99 

978 

00 

083 

99 

987 

99 991 

00 

006 

1000 

00 

000 

00 

004 

00 

009 

00 

013 

00 

017 

00 

022 

00 

026 

00 

030 

00 035 

00 

030 



0 


1 


2 


3 


4 


5 


6 


7 

• 

8 


0 

1 


960-1000 
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APPENDIX VIII 


TABLE OF SQUARES, SQUARE ROOTS, AND RECIPROCALS— 

1 TO 1000 

» 

The accompanying table presents the numbers from 1 to 1000 in bold-face type, 
and for each of these numbers the corresponding square, square root, and reciprocal 
are presented in light-face type. 

In statistical work, tables of squares and square roots are valuable aids in such 
problems as determining standard deviations, correlation coefficients, or least squares 
trend lines. 

The use of reciprocals greatly facilitates division. This is true whether the work 
is done by hand or by machine. The process is simple. Instead of dividing by a 
number we multiply by its reciprocal. Suppose, for instance, that we wish to divide 
79,326 by 893. By computation or by referring to the tables (sec page 758) we find 
that the reciprocal of 893 is 0.00112. By multiplying the dividend by this reciprocal 
(79326 X 0.00112) we get 88.84612. Therefore, 79326 -h 893 = 88.84612. 

When many numbers are to be divided by the same number, the use of the recipro- 
cal is particularly advantageous. In computing percentage relatives, for instance, it 
is much easier to multiply the original figures in the series by the reciprocal of the 
base than it is to divide each figure in the series by the actual base figure. 
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760 * BUSTNESS STATISTICS 


Tablb or Sqttabbb, Square Roots, and Reciprocals — 1 to 1000 


Nvmbeni 

Squares 

Square 

roots 

Reoipro- 

oals 

Numbers 

Squares 

' Square 
roots 

' Recipro- 
cals 

J 

1 


1.000000 

01 

2601 

7.1414- 

' .019608 

% 

4 




2704 

7.2111 

.019231 

8 

0 


.333333 


2809 

7.2801 

.018868 

4 

16 


.250000 


2916 

7.3485 

.018519 

6 

25 

2.2361 

: 200000 


3025 

7.4102 

.018182 

e 

36 

2.4495 

. 166667 


t 

3136 

7.4833 

.017857 

7 

49 

2.6458 

.142857 

57 

3249 

7.5498 

.017544 

• 

64 

2.8284 

.125000 


3364 

7.6158 

.017241 

9 

81 

3.0000 

illllll 


3481 

7.6811 

.0169<'0 

10 

100 

3.1623 

.100000 


3600 

7.7460 

.016667 

• 11 

121 

3.3166 

.090009 


3721 

7.8102 

.016393 

18 

144 

3.4641 

.083333 


3844 

7.8740 

.016129 

18 

169 

3.6056 

.076923 

63 

3969 

7.9373 

.015873 

14 

196 

3.7417 

.071429 

64 

4096 

8.0000 

.015625 

18 

225 

3.8730 

.066667 

60 

4225 

8.0623 

.015385 

18 

256 

4.0000 

.062500 

66 

4356 

8.1240 

.015152 

17 

289 

4.1231 

.058824 

67 

4489 

8.1854 

.014925 

18 

324 

4.2426 

.055556 

68 

4624 

8.2462 

.014706 

19 

361 

4.3589 

.052632 


4761 

8.3066 

.014493 

90 

400 

4.4721 

.050000 

70 

4900 

8.3666 

.014286 

91 

441 

4.5826 

.047619 

71 

5041 

8.4261 

.014085 

99 

484 

4.6904 

.045455 

78 

5184 

8.4853 

.013889 

98 

529 

4.7958 

.043478 

73 

5329 

8.5440 

.013699 

94 

576 

4.8990 

.041667 

74 

5476 

8.6023 

.013514 

98 

625 

5.0000 

.040000 

70 

5625 

8.6603 

.013333 

98 

676 

5.0990 

.038462 

76 

6776 

8.7178 

.013158 

97 

729 

5.1962 

.037037 

77 

5929 

8.7750 

.012987 

98 

784 

5.2915 

.035714 


6084 

8.8318 

.012821 

99 

841 

5.3852 

.034483 

76 

6241 

8.8882 

.012658 

80 

900 

5.4772 

.033333 

80 

6400 

8.9443 

.012500 

81 

961 

5.5678 

.032258 

81 

6561 

9.0000 

.012346 

- 89 

1024 

5.6569 

.031250 

88 

6724 

9.0554 

.012195 

88 

1089 

5.7446 

.030303 

83 

6889 

9.1104 

.012048 

84 

1156 

5.8310 

.029412 

84 

7056 

9.1652 

.011906 

88 

1225 

5.9161 

.028571 

80 

7225 

9.2195 

.011766 

86 

1296 

6.0000 

.027778 

86 

7396 

9.2736 

.011628 

87 

1369 

6.0828 

.027027 

87 

7569 

9.3274 

.011494 

88 

1444 

6.1644 

: 026316 

88 

7744 

9.3808 

.011364 

89 

1521 

6.2450 

.025641 

89 

7921 

9.4340 

.011236 

40 

1600 

6.3246 

.025000 

90 

8100 

9.4868 

.011111 

41 

1681 

6.4031 

.024390 

91 

8281 

9.5394 

.010989 

41 

1764 

6.4807 

.023810 

98 

8464 

9.5917 

.010870 

48 

1849 

6.5574 

.023266 

93 

8649 

9.6437 

.010753 

44 

1936 

6.6332 

.022727 

94 

8836 

9.6964 

.010638 

48 

2025 

6.7082 

.022222 

90 

9025 

9.7468 

.010526 

46 

2116 

6.7823 

.021739 

96 

9216 

9.7980 

.010417 

47 


6.8657 

.021277 

97 

0409 

9.8489 

.010309 

46 

2304 

' 6.0282 

.020833 

98 

9604 

9.8995 

.010204 

- 49 

2401 


.020408 

99 

0801 

9.9499 

.010101 

10 

2500 

7.0711 

.020000 

100 

10000 

10.0000 

.010000 
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T^lb of Squarbs, Squarb Hoots, and Hbciprocals — 1 to* 1000. — (CarUinued) 


9 

Numbers 

Squarm 

Square 

roots 

Recipro- 

cals 

Numbers 

Squares 

Square 

roots 


101 • • 

10201 

10.0499 

.009901 

161 

22801 

12.2882 

.006623 

lOS 

10404 

10.0905 

.009804 

162 

23104 

12.3288 

.006579 

108 

10609 

10.1489 

.009709 

168 

23409 

12.3693 

.006536 

104 

10816 

10. 1980 

.009615 

164 

23716 

12.4097 

.006494 

100 * 

11025 

10.2470 

.009524 

166 

24025 

12.4499 

.006452 

106 

11236 

10 .*2956 

.009434 

166 

24336 

12.4900 

.006410 

.107 1 

11449 

10.3441 

.000346 

167 

24649 

12.5300 

.006360 

108 

11664 

10.3923 

.0092.:9 

168 

24964 

12.5698 

.006329 

. 109 

11881 

* 10.4403 

.009174 

162 

25281 

12.6095 

.006289 

110 

12100 

10.4881 

.009091 

160 

25600 

12.6491 

.006250 

111 

12321 

1(5.5357 

.009009 

* 161 

25921 

12.6886 

.006211 

118 

12544 

10.5830 

.008929 

162 

26244 

12.7279 

.006173 

118 

12769 

10.6301 

.008850 

168 

26569 

12.7671 

.006185 

114 

12996 

10.6771 

.008772 

. 164 

2( i 890 

12.8062 

.006098 

110 

13225 

10.7238 

.008696 

166 

27225 

12.8452 

.006061 

116 

13456 

10.7703 

.008621 

166 

27556 

12.8841 

.006024 

117 

13689 

10.8167 

.008547 

167 

27889 

12.9228 

.005988 

118 

13924 

10.8628 

.008475 

168 

28224 

12.9615 

.005952 

119 

14161 

10.0087 

.008403 

169 

28561 

13.0000 

.005917 

190 

14400 

10.9545 

.008333 

170 

28900 

13.0384 

.005882 

181 

14641 

11.0000 

.008264 

171 

29241 

13.0767 

.005848 

188 

14884 

11.0454 

.008197 

172 

■29584 

13.1149 

.005814 

188 

15129 

11.0905 

.008130 

178 

29929 

13.1529 

.005780 

184 

15376 

11.1355 

.008065 

174 

30276 

13.1909 

.005747 

186 

15625 

11.1803 

.008000 

176 

3062:) 

13.2288 

.005714 

186 

15876 

11.2250 

.007937 

176 

30976 

13.2665 

.005682 

187 

16129 

11.2004 

.007874 

177 

31829 

13.3041 

.005650 

186 

16384 

11.3137 

.007813 

178 

31684 

13.3417 

.005618 

189 

16641 

11.3578 

.007752 

179 

32041 

13.3791 

.005587 

180 

16900 

11.4018 

.007692 

ISO 

32400 

13.4164 

.005556 

181 

17161 

11.4455 

.007634 

181 

32761 

13.4536 

.005525 


17424 

11.4891 

.007576 

182 

33124 

13.4907 

.005495 

188 

17689 

11.5326 

.007519 

188 

33489 

13.5277 

.005464 

184 

17956 

11.5758 

.007463 

184 

33856 

13.5647 1 

.005435 

180 

18225 

11.6190 

.007407 

186 

34225 

13.6015 

.005405 

186 

18496 

11.0619 

.007353 

186 

34596 

13.6382 

.005376 

187 

18769 

11.7047 

.007299 

187 

34969 

13.6748 

.005348 


19044 

11.7473 

.007246 

188 

35344 

13.7113 

.005319 

189 

19321 

11.7898 

.007194 

189 

35721 

13.7477 

.005291 

140 

19600 

11.8322 

.007143 

190 

36100 

13.7840 

.005263 

141 

19881 

11.8743 

.007092 

191 

36481 

13.8203 

.005236 

148 

20164 

11.9164 

.007042 

192 

36864 

13.8564 

.005208 

148 

20449 

11.9583 

.006993 

198 

37249 

13.8924 

.005181 

144 

20736 

12.0000 

.006944 

194 

37636 

• 13.9284 

.005155 

146 

21025 

12.0410 

.006897 

196 

38025 

13.9642 

.005128 

• 

146 

21316 

12.0830 

.006849 

196 

38416 

14.0000 

.005102 

• 147 

21609 

12.1244 

.006803 

197 

38809 

14.0357 

.005076 

148 

21004 

12.1655 

.006757 

198 

39204 

14.0712 

.005051 

149 

22201 

12.2066 

.006711 

199 

39601 

14.1067 

.005025 

100 

. 22500 

12.2474 

.006667 

200 


14.1421 

.005000 














BUSINESS STATISTICS 


752 

or ‘SqoabMs, Sovabs Roots, and* BaoiPROOAiiS— 1 to 1000 . — (Ccntinved) 


iCtimbdri 

Squares 

Square 

roote 

Repipro- 

eale 

Numbers 

^uares 

( Square 
roots 

t Reoipro- 
eals 

• Ml 

40401 

14.1774 

.004975 

161 

63001 

15.8430 

r .003084 

• Ml 

40804 

14.2127 

.004950 

161 

63504 

15.8745 

.003068 

Ml 


14.2478 

.004926 

8S8 

64009 

15.90b0 

.003053 

M4 

41616 

14.2829 

.004002 

164 

64516 

15.9374 

.003037 

Ml 

42026 

14.3178 

.004878 

ISO 

65025 

15.9687 

.003022 

Ml 

42436 

14.3527 

.004854 

ISO 

66536 

16.0000 

.003006 

M7 

42849 

14.3876 

.004831 

167 

66049 

16.032r2 

.003891 

MS 

43264 

14.4222 

.004808 

I6S 

66664 

16.0624 

.003876 

MS 

43681 

14.4668 

.004785 

Ml 

67681 

16.0935 

.003881 

no 

44100 

. 14.4914 

.004762 

ISO 

67600 

16.1245 

.003846 

. Ill 

44521 

14.5258 

.004/30 

Ml 

' 68121 

16.1555 

.003831 

: Jlt 

. 44944 

14.5602 

.004717 

Ml 

68644 

16.1864 

.003817 

/ W 

45369 

14.5946 

.004605 

168 

69169 

16.2178 

.003802 

SU 

45796 

.14.6287 

.004673 

164 

69696 

16.2481 

.003788 

ns 

46226 

14.6629 

.004651 

ISO 

70225 

16.2788 

.003774 

ns 

46656 

14.6969 

.004630 

MS 

70766 

16.3095 

.003750 

117 

47089 

14.7309 

.004608 

M7 

71289 

16.3401 

.003745 

ns 

47524 

14.7648 

.004587 

MS 

71824 

16.3707 

.003731 

ns 

47961 

14.7986 

.004566 

Ml 

72361 

16.4012 

.003717 

no 

48400 

14.8324 

.004545 

170, 

72900 

16.4317 

.003704 

Ml 

48841 

14.8661 

.004525 

171 

73441 

16.4621 

.003600 

ttl 

49284 

14.8997 

.004505 


73984 

16.4924 

.003676 

ns 

49729 

U.9332 

.004484 

178 

74529 

16.5227 

.003663 

SM 

50176 

14.9666 

.004464 

174 

75076 

16.5529 

.003650 

> ns 

50625 

15.0000 

.004444 

170 

75625 

. 16.5831 

.003636 

no 

51076 

15.0333 

.004425 


76176 

16.6132 

.003623 

nr 

51529 

15.0665 

.004405 

177 

76729 

16.6433 

.003610 

ns 

51984 

15.0997 

.004386 


77284 

16.6733 

.003507 

> no 

52441 

15. 1327 

.004367 


77841 

16.7033 

.003584 

MO 


15.1658 

.004348 

■sa 

78400 

16.7332 

.003571 

m 

53361 

15. 1987 

.004329 

Ml 

78961 

16.7631 

.003559 

-ttl 

53824 

15.2315 

.004310 

Ml 

79524 

16.7929 

.003546 

MS 

54289 

15.2643 

.004292 

MS 

80089 

16.8226 

.003534 

.-'•■ISO - 

54756 

15.2971 

.004274 

8S4 

80666 

16.8523 

.003521 

MS 

. 55225 

15.3297 

.004255 

MS 

81225 

16.8819 

.003500 

no 

55696 

15.3623 

.004237 

Kn 

81796 

16.9115 

.003497 

SS7 


15.3948 

.004219 


82369 

16.9411 

.003484 

MS 

' 56644 

15.4272 

.004202 


82944 

16.9706 

.003472 

Ml 

57121 

15.4596 

.004184 


83521 

17.0000 

■TTiliTTITil 

140 

57600 

15.4919 

.004167 

■s 

84100 

17.0294 

.003448 

141 

5S081 

16.5242 

.004149 


84681 

17.0587 

.003436 

141 

58564 

15.5563 

.004132 


85264 

17.0880 

.003425 

^ 141 

50M9 

15.5885 

.004115 


85849 

17.1172 

.003413 

M4 

505M 

15.6205 

.004098 

. M4 

86436 

17.1464 

.003401 

MS 

^6 

15.6525 

.004082 


87025 

17.1756 

.003390 

140 

60516 

15.6844 

.004065 

ns 

87616 

17.2047 

.003378 

147 

61001 

15:7162 

.004049 

117 


17.2337 

.0033^67 

^ 140 

01504 

16.7480 

.004032 

MS 

88804 

17.2627 

.003356 

- SOI 

> 62001 

15.7717 

.004016 

Ml 

89401 

17.2916 

.003344 

MO 


15.8114 


800 


17.3205 

.003333 
































APPENDIX VIII ^ 763. 


Tiau or Squabbb, Squahb Boots, and Rbcipbocals — 1 to Iqoq. — (flmUmued) 


• 

Numben 

Squareii 

Square 

roots 

fiecipro- 

eais 

Numbers 

Squares 

Square 

roots 


SOI • 

> 00601 

17.3494 

.003322 

SSI 

123201 

18.7350 

.002849 

SOS 

• 01204 

17.3781 

.003311 

sss 

123904 

18.7617 

.002841 

SOS 

01800 

17.4069 

.003300 

sss 

124609 

18.7883 

.002833 

S04 

02416 

17.^356 

.003289 

' «64 

125316 

18.8149 

.002825 

SOS 

03025 

17.4642 

.003279 

-SSS 

126025 

18.8414 

.002817 

S06 

03636 

17.^29 

.003268 

sss 

126736 

18.8680 

.002800 

SOT 

• 04240 

17.5214 

.003257 

SST 

127449 

18.8944 

.002801 

SOS 

04864 

17.5499 

.003247 

SSS 

128164 

18.9209 

.002703 

» SOO 

05481 

*17.5784 

.003236 

sss 

128881 

18.9473 

.002786 

SIO 

06100 

17.6068 

.003226 

660 

129600 

18.9737 

.002778 

Sll 

06721 

17 .*6352 

.003215 

* S61 

130321 

19.0000 

.002770 

SIS 

07344 

17.6635 

.003205 

SSS 

131044 

19.0263 

.802762 

SIS 

07069 

17.6918 

.003195 

sss 

131769 

19.0526 

.002765 

S14 

08596 

17.7200 

.003185 

SS4 

132496 

19.0788 

.002747 

SIS 

00225 

17.7482 

.003175 

SSS 

133225 

19.1050 

.002740 

SIS 

00856 

17.7764 

.003165 

sss 

133956 

19.1311 

.002732 

SIT 

100480 

17.8045 

.003155 

SST 

134689 

19.1572 

.002725 

SIS 

101124 

17.8326 

.003145 

SSS 

135424 

19.1833 

.002717 

SIS 

101761 1 

17.8606 

.003135 

SSS 

136161 

19.2094 

.002710 

sso 

102400 

17.8885 

.003125 

STO 

136900 

19.2354 

.002703 

SSI 

103041 

17.0165 

.003115 

STl 

137641 

19.2614 

.002695 

sss 

103084 

17.0444 

.003106 

STS 

138384 

19.2873 

.002688 

sss 

104320 

17.9722 

.003096 

873 

139129 

19.3132 

.002681^ 

SS4 

104076 

18.0000 

.003086 

STS 

139876 

19.3391 

.002674 

sss 

105625 

18.0278 

.003077 

STS 

140625 

19.3649 

.002667 

sss 

* 106276 

18.0555 

.003067 

STS 

141376 

19.3907 

.002660 

SST 

106029 

18.0831 

.003058 

877 

142129 

19.4165 

.002653 

sss 

107584 

18.1108 

.003049 

STS 

142884 

19.4422 

.002646 

sso 

108241 

18.1384 

.003040 

S79 

143641 

19.4679 

.002639 

sso 

108000 

18.1659 

.003030 

SSO 

144400 

19.4936 

.002632 

SSI 

109561 

18.1934 

.003021 

SSI 

145161 

19.5192 

.002625 

sss 

110224 

18.2209 

.003012 

sss 

145924 

19.5448 

.002618 

sss 

110880 

18.2463 

.003003 

888 

146689 

19.5704 

.002611 

‘ SS4 

111550 

18.2757 

.002994 

SSS 

147456 

19.5959 


sso 

112225 

18.3030 

.002985 

886 

148225 

19.6214 

.002697 

sss 

112800 

18.3303 

.002976 

SSS 

148996 

19.6469 

.002501 

SST 

113569 

18.3576 

.002967 

SST 

149769 

19.6723 

.002584 

• sss 

114244 

18.3848 

.002959 

SSS 

150544 

19.6^7 

.002577 

sso 

114021 

18.4120 

.002950 

889 

151321 

19.7231 

.002571 

040 

115000 

18.4391 

.002941 

S90 

152100 

19.7484 

.002564 

S41 

116281 

18.4662 

.002933 

S91 

152S81 

19.7737 

.002558 

S4S 

116004 

18.4932 

.002924 

898 

153664 

19.7990 

.002551 

• S4S 

117640 

18.5203 

.002915 

893 

154419 

19.8242 

.002545 

S44 

118336 

18.5472 

.002907 

S9S 

155236 

19.8494 

.002538 

S40 

110025 

18.5742 

.002899 

890 

156025 

19.8746 

.002532 

• 

S4S 

110716 

18.6011 

.002890 

S9S 

156816 

18.8997 

.002525 

S4T 

120400 

18.6279 

.002882 

S97 

157609 

19.9249 

.002510 

S48 

121104 

18.6548 

.002874 

898 

' 158404 

19.9409 

.002518 

S40 

121801 

18.6815 

.002865 

S99 

169201 

19.9750 

.002506 

SSO 

122500 

18.7083 

.002857 

SOO 

ISOOOO 

20.0000 

.002500 
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BUSINESS STATISTICS 


C 

Tabw ov Squabbs, Square Roots, and Reciprocals — 1 to 1000. — (Continued) 


Rttinbdrs 

Squares 

Square 

roots 

Reoipro- 

oids 

Numbers 

Squares * 

Square « 
roots 

Reoipro- 

oals 

401 

160801 

20.0250 

.002494 

451 

203401 

21.2368( 

.002217 

401 

161604 

20.0490 

.002488 

458 

204304 

21.2603 

.002212 

40S 

162400 

20.0749 

.002481 

455 

205200 

21.2838 

.002208 

404 

163216 

20.0998 

.002475 

454 

206116 

21.3073 

.002203 

400 

164025 

20.1246 

.002460 

455 

207025 

21.3367 

.002198 

406 

164836 

20.1494 

.002463 

455 

< 207036 

21.3542 

.002103 

407 

165649 

20.1742 

.002457 

457 

208849 

21.3776 

.X)02188 

408 

166464 

20. 1900 

.002451 

458 

200764 

21.4009 

.002183 

400 

167281 

20.2237 

.002445 

459 

210681 

21.4243 

.002170 

410 

168100 

20.2485 

.002430 

460 

211600 

21.4476 

.002174 

411 

168021 

20.2731 

.00^433 

461 

' 212521 

21.4700 

.002160 

411 

160744 

20.2978 

.002427 

468 

213444 

21.4042 

.002165 

418 

170560 

20.3224 

.002421 

468 

214360 

21.5174 

.002160 

414 

171306 

20.3470 

.002415 

464 

215296 

21.5407 

.002155 

410 

172225 

20.3715 

.002410 

465 

216225 

21.5639 

.002151 

410 

173056 

20.3961 

.002404 

• 466 

217156 

21.5870 

.002146 

417 

173880 

20.4206 

.002398 

467 

218080 

21.6102 

.002141 

410 

174724 

20.4450 

.002392 

468 

219024 

21.6333 

.002137 

410 

175561 

20.4605 

.002387 

469 

210061 

21.6564 

.002132 

410 

176400 

20.4939 

.002381 

470 

220000 

21.6705 

.002128 

411 

177241 

20.5183 

.002375 

471 

221841 

21.7025 

.002123 

411 

178084 

20.5426 

.002370 

478 

222784 

21.7256 

.002110 

418 

178929 

20.5670 

.002364 

478 

223720 

21.7486 

.002114 

414 

170776 

20.5913 

.002358 

474 

224676 

21.7715 

.002110 

410 

180625 

20.6155 

.002353 

475 

225625 

21.7945 

.002105 

410 

781476 

20.6308 

.002347 

476 

226576 

21.8^74 

.002101 

417 

182320 

20.6640 

.002342 

477 

227520 

21.8403 

.002096 

418 

183184 

20.6882 

.002336 

478 

228484 

21.8632 

.002002 

419 

184041 

20.7123 

.002331 

479 

220441 

21.8861 

.002088 

480 

184000 

20.7364 

.002326 

480 

230400 

21.0080 

.002083 

481 

185761 

20.7605 

.002320 

481 

231361 

21.0317 

.002079 

481 

186624 

20.7846 

.002315 

488 

232324 

21.0545 

.002075 

488 

187480 

20.8087 

.002309 

488 

233280 

21.9773 

.002070 

484 

188356 

20.8327 

.002304 

484 

234256 

22.0000 

.002066 

480 

180226 

20.8567 

.002209 

486 

235225 

22.0227 

.002062 

480 

100006 

20.8806 

.002294 

486 

236106 

22.0454 

.002058 

487 

100060 

20.9045 

.002288 

487 

237169 

22.0681 

.002053 

488 

' 191844 

20.0284 

.002283 

488 

238144 

22.0007 

.0020401 

489 

102721 

20.0623 

.002278 

489 

230121 

22.1133 

.002045 

440 

103600 

20.0762 

.002273 

490 

240100 

22.1350 

.002041 

441 

104481 

21.0000 

.002268 

491 

241081 

22.1585 

.002037 

4tt 

195364 

21.0238 

. .002262 

498 

242064 

22.1811 

.002033 

448 

196249 

' 21.0476 

.002267 

498 

243040 

22.2036 

.002028 

444 

19^36 

2>.0713 

.002262 

494 

244036 

22.2261 

.002024 

440 

108025 

21.0050 

.002247 

495 

245025 

22.2486 

.002020 

440 

108016 

21.1187 

.002242 

496 

246016 

22.2711 

.002016 

447 

199809 

21.1424 

.002237 

497 

247000 

22.2035 

.00^12 

' 4M 

• 200704 

21.1660 

.002232 

498 

248004 

22.3159 

.002008 

449 

' 201601 

21.1896 

.002227 

499 

240001 

22.3383 

.002004 

P 400 

202500 

21.2132 

.002222 

600 

250000 

22.3607 

.002000 









APPENDIX VIII I 786 

* 

T^ia of Sqtjabbs, Sqoaeb Roots, and Rbcipbocals— 1 to 1000.— (Continued) 


• 

Numbers 

• 

Squares 

Square 

roots 

Recipro* 

cals 

Numbers 

Squares 

Square 

roots 

Recipro- 

cals 

501 • 

251001 

22.3830 

.001996 

661 

303501 

23.4734 

.001815 

5M 

• 252004 

22.4054 

.001902 

662 

304704 

23.4947 

.001812 

508 

253009 

22A277 

.001988 

666 

305809 

23.5160 

.001808 

504 , 

254016 

22.4409 

.001984 

664 . 

306916 

23.5372 

.001805 

505 

255025 

22.4722 

. .001980 

666 

308025 

23.5584 

.001802 

506 

256036 

22.4044 

.001976 

666 

309136 

23.5797 

.001799 

507 

• 257049 

22.6167 

.001972 

667 

310249 

23.6008 

.001795 

508 

258064 

•22.5389 

.001969 

668 

311364 

23.6220 

.001702 

• 509 

259081 

22.5610 

.001965 

669 

312481 

23.6432 

.001789 

510 

260100 

22.5832 

.001961 

660 

313600 

23.6643 

.001786 

511 

261121 

22.6053 

.001957 

661 

314721 

23.6854 

.001783 

518 

262144 

22.6274 

.001953 

662 

315844 

23.7065 

.001779 

518 

263169 

22.6495 

.001949 

663 

316969 

23.7276 

.001776 

514 

264196 

22.6716 

.001946 

864 

318096 

23.7487 

.001773 

815 

265225 

22.6p36 

.001942 

666 

319225 

23.7697 

.001770 

816 

266256 

22.7156 

.001938 

666 

320356 

23.7908 

.001767 

517 

267289 

22.7376 

.001934 

867 

321480 

23.8118 

.001764 

518 

268324 

22 . 7596 

.001931 

666 

322624 

23.8328 

.001761 

810 

269361 

22.7816 

.001927 

669 

323761 

23.8537 

.001757 

880 

270400 

22.8035 

.001923 

670 

324900 

23.8747 

.001754 

581 

271441 

22.8254 

.001919 

671 

326041 

23.8956 

.001751 

588 

272484 

22.8473 

.001916 

672 

327184 

23.9160 

.001748 

588 

273529 

22.8692 

.001912 

673 

328329 

23.9374 

.001745 

584 

274576 

22.8910 

.001908 

674 

329476 

23.9583 

.001742 

885 

275625 

22.9129 

.001905 

676 

330625 

23.0792 

.001739 

586 

276676 

22.0347 

.001901 

676 

331776 

24.0000 

.001736 

587 

277729 

22.9565 

.001898 

677 

332929 

24.0208 

.001733 

688 

278784 

22.9783 

.001894 

678 

334084 

24.0416 

.001730 

589 

279841 

23.0000 

.001890 

679 

335241 

24.0624 

.001727 

580 

280900 

23.0217 

.001887 

630 

336400 

24.0832 

.001724 

531 

281961 

23.0434 

.001883 

681 

337561 

24.1039 

.001721 

588 

283024 

23.0651 

.001880 

682 

338724 

24.1247 

.001718 

588 

284089 

23.0868 

.001876 

683 

339889 

24.1454 

.001715 

884 

285156 

23.1084 

.001873 

684 

341056 

24.1661 

.001712 

888 

286225 

23.1301 

.001869 

686 

342225 

24.1868 

.001709 

886 

287296 

23.1517 

.001866 

686 

343396 

24.2074 

.001706 

687 

288369 

23.1733 

.001862 

687 

344569 

24.2281 

.001704 

* 688 

289444 

23.1048 

.001859 

688 

345744 

24.2487 

.001701 

889 

290521 

23.2164 

.001855 

689 

346921 

24.2693 

.001698 

540 

201600 

23.2379 

.001852 

690 

348100 

24.2899 

.001695 

541 

292681 

23.2594 

.001848 

691 

349281 

24.3105 

.001692 

548 

203764 

23.2809 

.001845 

892 

350464 

24.3311 

.001689 

848 

294849 

23.3024 

.001842 

698 

351649 

•24.3516 

.001686 

644 

295936 

23.3338 

.001838 

694 

352836 

24.3721 

.001684 

546 

• 

207025 

23.3452 

.001835 

696 

354025 

24.3026 

.001681 

• 546 

208116 

23.3666 

.001832 

696 

355216 

24.4131 

.001678 

547 

209209 

23.3880 

.001828 

697 

356409 

24.4336 

.001675 

846 

300304 

23.4094 

.001825 

698 

357604 

24.4540 

.001672 

549 

301401 

23.4307 

.001821 

699 

358801. 

24.4745 

.001669 

550 

302500 

23.4521 

.001818 

600 

360000 

24.4940 

.001667 















766 * BUSmESS STATISTICS 

ff ^ 

^ABLB OF SQTjARBS, SqUARB ROOTO, AND R 1ICIPROCAL&— 1 TO 1000. — (Con^ntl^ 


jlwnbart ' 

Squares 

Square 

roots 

Reeipro- 

oals 

Numbers 

Squares 

Square 

roots 

Reoipro* 

oals 

•01 

361201 

24.5153 

.001664 

•81 

423801 

25.5147 

' .001536 

•01 

862404 

24.5357 

.001661 

•SS 

425104 

25.5343 

.001534 

•OS 

363609 

24.5561 

.001658 

•SS 

•426409 

25.5539 

.001531 

•04 

364816 

24.5764 

.001656 

•84 

427716 

25.5734 

.001529 

•00 

366025 

24.5967 

.001653 

•SS. 

429025 

25.5930 

.001527 

•00 

367236 

24.6171 

.001650 

•SS 

* 430336 

25.6125 

.001524 

•07 . 

368449 

24.6374 

.001647 

•87 

431649 

25.6320 

.001522 

•00 

369664 

24.6577 

.001645 

•88 

432064 

25.6515 

.001520 

•00 

370881 

24.6779 

.001642 

•89 

434281 

25.6710 

.001817 

•10 

372100 

24.6982 

.001639 

•SO 

435600 

25.6905 

.001515 

* Ml 

373321 

24.7184 

.001637 

•81 

436921 

25.7099 

.001513 

•IS 

374544 

24.7386 

.001634 

••S 

438244 

25.7294 

.001511 

•IS 

375769 

24.7588 

.001631 

•SS 

439569 

25.7488 

.001508 

•14 

376996 

24.7790 

.001629 

••4 

440896 

25.7682 

.001506 

•IS 

378225 

24.7992 

.001626 

••8 

, 442225 

25.7876 

.001504 

•IS 

379456 

24.8193 

.001623 

••• 

443556 

25.8070 

.001502 

•17 

380689 

24.8395 

.001621 

••7 

444889 

25.8263 

.001499 

•IS 

381924 

24.8596 

.001618 

•88 

446224 

25.8457 

.001497 

•10 

383161 

24.8797 

.001616 

••9 

447561 

25.8650 

.001495 

•SO 

384400 

24.8998 

.001613 

•70 

448900 

25.8844 

.001493 

•SI 

385641 

24.9199 

.001610 

•71 

450241 

25.0037 

.001490 

•ss 

386884 

24.9399 

.001608 

•7S 

451584 

25.9230 

.001488 

•ss 

388129 

24.9600 

.001605 

•73 

452929 

25.9422 

.001486 

•H 

389376 

24.9800 

.001603 

•74 

454276 

25.9615 

.001484 

•SO 

390625 

25.0000 

.001600 

•78 

455625 

25.9808 

.001481 

•M 

391876 

25.0200 

.001597 

•76 

456976 

26.0000 

.001479 

•17 

393129 

25.0400 

.001595 

•77 

458329 

26.0192 

.001477 

•SO 

394384 

25.0599 

.001592 

•78 

459684 

26.0384 

.001475 

•SO 

395641 

25.0799 

.001590 

•79 

461041 

26.0576 

.001473 

•SO 

396900 

25.0998 

.001587 

•SO 

462400 

26.0768 

.001471 

•SI 

398161 

25.1197 

.001585' 

•81 

463761 

26.0960 

.001468 

•ss 

399424 

25.1396 

.001582 

•SS 

465124 

26.1151 

.001466 

•ss 

400689 

25.1595 

.001580 

•SS 

466489 

26.1343 

.001464 

•S4 

401956 

25.1794 

.001577 

••4 

467856 

26.1534 

.001462 

•SS 

403225 

25.1992 

.001575 

•88 

469225 

26.1725 

.001460 

•SS 

404496 

25.2190 

.001572 

•88 

470596 

26.1916 

.001458 

tt7 

c 405769 ' 

25.2389 

.001570 

•87 

471969 

26.2107 

.001456, 

•SO 

407044 

25.2587 

.001567 

•88 

473344 

26.2298 

.001453 

•so 

408321 . 

25.2784 

.001565 

•89 

474721 

26.2488 

.001451 

•40 

409600 

25.2982 

.001563 

•90 

476100 

26.2679 

.001449 

•41 

410881 

25.3180 

.001560 

•91 

477481 

26.2869 

.001447 

•41 

412164 

25.3377 

.001558 

•9S 

478864 

26.3059 

.001445 

•4S 

419449 

25.3574 

.001555 

•98 

480249 

26.3249 

.001443 

•44 

414736 

25.3772 

.001553 

•94 

4S1636 

26.3439 

.001441 

‘ sa 

416025 

25.3969 

.001550 

•98 

483025 

26.3629 

.901439 

•4S 

417316 

25.4165 

.001548 

•98 

484416 

26.3818 

.001437 

•47 . 

418609 

25.4362 

.001546 

•97 

485809 

26.4008 

.001435 

•40 • 

419904 

25.455S 

.001543 

•98 

487204 

26.4197 

.001433 

' 440 

421201 

25.4755 

.001541 

•99 

488601 

26.4386 

.001431 

•SO 


25.4951 

.001538 

700 

490000 

26.4575 

.001429 
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or Squabss, Sqitabx Roots, and Rbciprocads — 1 to 1000. — {Contimui) "■ 


• 

Numberi 

• 

Squares 

Square 

roots 

Reoipro- 

oals 

Numbers 

Squares 

Square 

roots 

•Reoipro- 

eals 

wP • 

401401 

26.4764 

.001427 

781 

564001 

27.4044 

.001332 

702 

402804 

26.4053 

.001425 

751 

565504 

27.4226 

.001330 

708 

404200 

28.5141 

.001422 

758 

567009 

27.4408 

.001328 

704 . 

405616 

26.5330 

.001420 

754 

568516 

27.4591 

.001326 

705 

407025 

26.5518 

.001418 

755 

570025 

27.4773 

.001325 

706 

408436 

26*5707 

.001416 

755 

571536 

27.4055 

.001323 

•707 • 

400840 

26.5805 

.001414 

757 

573049 

27.6136 

.001321 

708 

501264 

26.6083 

.001412 

755 

574564 

27.5318 

.001319 

• 705 

502681 

26.6271 

.001410 

789 

576081 

27.5600 

.001318 

710 

504100 

26.6458 

.001408 

750 

577600 

27.5681 

.001316 

711 

505521 

26.6646 

.001406 

« 

751 

579121 

27.5862 

.001314 

712 

506044 

26.6833 

.001404 

751 

580644 

27.6043 

.001312 

712 

508360 

26.7021 

.001403 

758 

582160 

27.6225 

.001311 

714 

500706 

26.7208 

.001401 

754 

583696 

27.6405 

.001300 

710 

511225 

26^7305 

.001390 

755 

585225 

27.6586 

.001307 

718 

512656 

26.7682 

.001397 

755 

586756 

27.6767 

.001305 

717 

514080 

26.7760 

.001305 

757 

588280 

27.6048 

.001304 

718 

515524 

26.7055 

.001303 

758 

580824 

27.7128 

.001302 

719 

. 516061 

26.8142 

.001301 

759 

591361 

27.7308 

.001300 

720 

518400 

26.8328 

.001380 

770 

502900 

27.7489 

.001200 

721 

510841 

26.8514 

.001387 

771 

504441 

27.7660 

.001207 

722 

521284 

26.8701 

.001385 

771 

505984 

27.7849 

.001205 

728 

522720 

26.8887 

.001383 

778 

597520 

27.8020 

.001294 

724 

524176 

26.0072 

.001381 

774 

500076 

27.6200 

.001202 

720 

525625 

26.0258 

.001379 

775 

600625 

27.8388 

.001290 

720 

527076 

26.0444 

.001377 

775 

602176 

27.8568 

.001280 

727 

528520 

26.0620 

.001376 

777 

603729 

27.8747 

.001287 

728 

520084 

26.0815 

.001374 

775 

605284 

27.8027 

.001285 

729 

531441 

27.0000 

.001372 

779 

606841 

27.9106 

.001284 

780 

532000 

27.0185 

.001370 

780 

608400 

27.0285 

.001282 

781 

534361 

27.0370 

.001368 

781 

609061 

27.0464 

.001280 

782 

535824 

27.0565 

.001366 

781 

611524 

27.0643 

.001279 

788 

537280 

27.0740 

.001364 

758 

613089 

27.0821 

.001277 

784 

538756 

27.0024 

.001362 

784 

614656 

28.0000 

.001276 

780 

540225 

27.1100 

.001361 

785 

616225 

28.0179 

.001274 

• 

788 

541606 

27.1293 

.001359 

785 

617796 

28.0357 

.001272 

787 

543160 

27.1477 

.001357 

757 

619369 

28.0535 

.001271 

788 

544644 

27.1662 

.001355 

788 

620044 

28.0713 

.001260 

789 

546121 

27.1846 

.001353 

789 

622521 

28.0891 

.001267 

740 

547600 

27.2020 

.001351 

790 

624100 

28.1069 

.001266 

741 

540081 

27.2213 

.001350 

791 

625681 

28.1247 

.001264 

742 

550564 

27.2307 

.001348 

791 

627264 

28.1425 

.001263 

748 

552040 

27.2580 

.001346 

798 

628849 

» .28.1603 

.001261 

744 

553536 

27.2764 

.001344 

794 

630436 

28.1780 

.001260 

740 

555025 

27.2047 

.001342 

795 

632025 

28.1957 

.001258 

• 

748 

556516 

27.3130 

.001340 

795 

633616 

28.2135 

.001266 

747 

558000 

27.3313 

.001330 

797 

635209 

28.2312 

.001256 

748 

550504 

27.3406 

.001337 

798 

636804 

28.2480 

.001253 

749 

561001 

27.3670 

.001335 

799 

638401 

■ 28.2666 

.001262 

780 

562500 

27.3861 

.001333 

800 

640000 

28.2843 

.001250 
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f 

Tabus of Squarbs, Square Roots, and Reciprocals — 1 to 1000. — {Continued) 


Numbers 

Squares 

Square 

roots 

Recipro- 

cals 

Numbers 

Squares 

Square 

roots 

Rbcipro- 

cals 

801 

641601 

28.3019 

.001248 

851 

724201 

29.1719 

f'001175 

808 

643204 

28.3196 

.901247 

868 

725904 

29.1890, 

.001174 

808 

644800 

28.3373 

.001245 

868 

7^,7609 

29.2062 

.001172 

804 

646416 

28.3540 

.001244 


729316 

29.2233 

.001171 

800 

648025 

28.3725 

.001242 


731025 

29.2404 

' .001170 

806 

649636 

28.3901 

.001241 

866 

752736 

29.2575 

.001168 

807 

651249 

28.4077 

.001239 

867 

734449 

29.2746* 

.001167 

808 

652864 

28.4253 

.001238 

868 

736164 

29.2916 

.001166 

809 

654481 

28.4420 

.001236 


737881 

29.3087 

.001164,, 

810 

656100 

28.4605 

.001235 


739600 

29.3258 

.001163 

811 

657721 

28.4781 

.001233* 


741321 

29.3428 

.001161 


659344 

28.4956 

.001232 


743044 

29.3598 

.001160 

818 

660969 

28.5132 

.001230 


744769 

29.3769 

.001159 

814 

662596 

28.5307 

.001229 


746496 

29.3939 

.001157 

810 

664225 

28.5482 

.001227 


748225 

1 

29.4109 

.001156 

818 

665856 

28.5657 

.001225 


749956 

29.4279 

.001155 

817 

667489 

28.5832 

.001224 

867 

751689 

29.4449 

.001153 

818 

669124 

28.6007 

.001222 


753424 

29.4618 

.001152 

819 

670761 

28.6182 

.001221 


755161 

29.4788 

.001151 

880 

672400 

28.6356 

.001220 


756900 

29.4958 

.001149 

881 

674041 

28.6531 

.001218 


758641 

29.5127 

.001148 

888 

675684 

28.6705 

.001217 


760384 

29.5296 

.001147 

883 

677329 

28.6880 

.001215 


762129 

29.5466 

.001145 

884 

678976 

28.7054 

.001214 

874 

763876 

29.5635 

.001144 

880 

680625 

28.7228 

.001212 

876 

765625 

29.5804 

.001143 

886 

682276 

28.7402 

.001211 

876 

767376 

29.5973* 

.001142 

887 

683029 

28.7576 

.001209 

877 

769129 

29.6142 

.001140 

888 

685584 

28.7750 

.001208 

878 

770884 

29.6311 

.001139 

889 

687241 

28.7924 

.001206 

879 

772641 

29.6479 

.001138 

880 

688900 

28.8097 

.001205 

880 

774400 

29.6648 

.001136 

881 

690561 

28.8271 

.901203 

881 

776161 

29.6816 

.001135 

888 

692224 

28.8444 

.001202 

888 

777924 

29.6985 

.001134 

888 

693880 

28.8617 

.001200 

883 

779689 

29.7153 

.001133 

. 884 

695556 

28.8791 

.001199 

884 

781456 

29.7321 

.001131 

880 

697225 

28.8964 

.001198 

886 

783225 

29.7489 

.001130 

886 

698890 

28.9137 

.001196 

888 

784996 

29.7658 

.001129 

887 

700569 

28.9310 

.001195 

887 

786769 

29.7825 

.001127 

888 

702244 

28.9482 

. .001193 

888 

788544 

1 29.7993 

.001126 

889 

703921 

28.9655 

.001192 

889 

790321 

29.8161 

.001125 

840 

705600 

28.9828 

.001190 

890 

792100 

29.8329 

.001124 

. 841 

707281 


.001189 

891 

793881 

29.8496 

.001122 

848 


29.0172 

.001188 

898 

795664 

29.8664 

.001121 

848 

710640 

29.0345 

.001186 

898 

797449 

29.8831 

.001120 

844 

712336 

29.0517 

.001185 

894 

799236 

29.8998 

.001119 

840 

714025 

29.0689 

.001183 

896 

801025 

29.9166 

.001117 

846 

715716 

29.0861 

.001182 

898 

802816 

29.9323 

.001116, 

847 

717409 

29.1033 

.001181 

897 

804609 

29.9500 

.OOlllff 

848 

710104 

29.1204 

.001179 

'898 

806404 

29.9666 

.001114 

849 


29.1376 

.001178 

899 

808201 

29.9833 

.001112 

880 

722500 

20.1548 

.001176 

900 

810000 

30.0000 

.001111 
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Table of Squaheb, Sqttabb Roots, and Rbcipbooals— 1 t 6 1000.— (Concluded) 


SqiAtres 

Square 

roots 

Recipro- 

cals 

Numbers 

Squares 

Square 

roots 

811801 

30.0167 

.001110 

961 

004401 

30.8383 

813604 

30.0333 

.001100 

962 

906304 

30.8545 

815409 

30.0500 

.001107 

963 

008209 

30.8707 

817216 

90.0666 

.001106 

964 

910116 

30.8869 

819025 

30.0832 

.001105 

966 

912025 

30.9031 

820836 

90.0908 

.001104 

966 

013036 

30.9192 

822649 

30.1164 

.001103 

967 

915840 

30.9354 

824464 

30.1330 

.001101 

968 

917764 

30.0516 

82628# 

30.1406 

.001100 

969 

010681 

30.9677 

828100 

30.1662 

.001099 

960 

021600 

30.0839 

820021 

*30.1828 

.001098 

• 961 

923521 

31.0000 

831744 

30.1093 

.001096 

968 

025444 

31.0161 

833560 

30.2159 

.001095 

963 

027360 

31.0322 

835306 

30.2324 

.001094 

964 

020206 

31.0483 

837225 

30.2400 

.001093 

966 

031225 

31.0644 

830056 

• 

30.2655 

.001002 

966 

033156 

31.0805 

840880 

30.2820 

.001091 

967 

035080 

31.0966 

842724 

30.2985 

.001080 

968 

937024 

31.1127 

844561 

30.3150 

.001088 

969 

038061 

31.1288 

846400 

30.3315 

.001087 

970 

040900 

31 . 1448 

848241 

30.3480 

.001086 

971 

942841 

31.1609 

850084 

30.3645 

.001085 

978 

044784 

31.1769 

851029 

30.3809 

.001083 

973 

946729 

31 . 1020 

853776 

30.3974 

.001082 

974 

048676 

31.2090 

855625 

30.4138 

.001081 

976 

050625 

31.2250 

857476 

30.4302 

.001080 

976 

952576 

31.2410 

859320 

30.4467 

.001079 

977 

954.520 

31.2570 

861184 

30.4631 

.001078 

978 

0.56484 

31.2730 

863041 

30.4795 

.001076 

979 

9.58441 

31.2890 

864900 

30.4959 

.001075 

980 

060400 

31.3050 

866761 

30.5123 

.001074 

981 

062361 

31.3209 

868624 

30.5287 

.001073 

988 

064324 

31.3369 

870480 

30.5450 

.001072 

983 

066289 

31.3528 

872356 

30.5614 

.001071 

984 

968256 

31.3688 

874225 

30.5778 

.001070 

986 

970225 

31.3847 

876006 

30.5041 

.001068 

986 

972196 

31.4006 

877969 

30.6105 

.001067 

987 

974169 

31.4166 

879844 

30.6268 

.001066 

988 

976144 

3i . 4325 

881721 

30.6431 

.001065 

989 

078121 

31.4484 

883600 

30.6694 

.001064 

990 

0^100 

31.4643 

885481 

30.6757 

.001063 

991 

082081 

31.4802 

887364 

30.6920 

.001062 

998 

984064 

31.4960 

880240 

30.7083 

.001060 

993 

086040 

31 • 5119 

801136 

30.7246 

.001059 

994 

088038 

' 31.5278 

803025 

30.7400 

.001058 

996 

000025 

31 . 5436 

804916 

30.7571 

.001057 

996 

992016 

31.5595 

896800 

808704 

000601 

902500 

30.7734 

30.7896 

30.8058 

30.8221 

.001056 

.001055 

.001051 

.001053 

997 

998 

999 

1000 

994009 

906004 

998001 

1000000 

31 . 5753 
31.5011 
31.6070 
31.6228 


Humfien 


Recipro> 

cals 


m 


906 

907 

908 

909 

910 

911 

912 

913 

914 

915 

916 

917 

918 

919 

920 

921 

922 

923 

924 
928 

926 

927 

928 

929 

930 

931 

932 

933 

934 
938 

936 

937 

938 
989 

940 

941 

942 
948 
944 
948 


947 

948 


.001052 

.001050 

.001040 

.001048 

.001047 

.001046 

.001045 

.001044 

.001043 

.001042 

.001041 

.001040 

.001038 

.001037 

.001036 

.001035 

.001034 

.001033 

.001032 

.001031 

.001030 

.001029 

.001028 

.001027 

.001026 

.001025 

.001024 

.001022 

.001021 

.001020 

.001019 

.001018 

.001017 

.001016 

.001015 

.001014 

.001013 

.001012 

.001011 

.001010 

.001009 

.001008 

.001007 

.001006 

.001005 

.001004 

.001003 

.001002 

.001001 

.001000 
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computation of, 176-177 
significance and use of, 177-178 
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compound-interest trend, 351 
computation of, 346-355 • 
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California State Chamber of Commerce, 
39 

California and Hawaiian Sugar Refining 
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Call money rates, New York Stock Ex- 
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Carli, 184 
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Bureau of the Census) 

Census, population, 1930, 636-637 
tract, 5 In., 53, 539 
Chaddock, R. E., 265n. 

Chambers of commerce, 39 
Chance, law of, 231-232 

coin tossing, 231-232, 234 
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Change, rates of, 109 
Charting, accuracy in, 79 
Charts, aggregates, comparison of, 91 
analysis, use in, 76-77 
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bar, 104 
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84 

“belt,” 108 
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for comparing groups, 88-90 
component bars, 92-93 
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93 
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Ghawner, Lowell J., 721n. 
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Cherington, Paul T., 497n. 

Clark, Wallace, 462n., 467, 468n. 
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Coding, 58 
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Components of time Variables, 108-109 
Compound-interest trend, 351 . 
Comptroller’s reports, 618-619 
''Consumer Market Data Handbook of 
the United States,” 446* 

Coonley, Howard, 396n. ^ 

Coordinate lines and curves, 101-102 
Copeland, M/T., lOn. 

Corporation bonds, 564 
Correlation, building in seven sections^of 
United States, 257 
coefficient of ', 241 
determination of lag by, 265 • 
interpretation of, 264 
limitations of, 2^267 . 

Pearsonian, 261-263 
probable error of, 241, 262 
comparison, 261 
definition of, 244-245 
degree and type of, 253 
scatter diagrams, 254 
graphic and tabular, 252 
of historical curves, 255-256 
tables, 25^256 

lag, graphic determination of, 256-258 
"scatter diagrams,” 258 
logical analysis of associated char- 
acteristics, 249-250 
mathematical measurement . of, 261- 
262 
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of dispersion (see Dispersion) 

^of probable error, 241 
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Coin tossing, actual and theoretical dis- 
tributions of, .233-234 
example of, 231-232 
table, 234 
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Columnar headings or captions, 65 
Commervidl and Financial Chronicle, 393, 
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ports, 38-40 : 
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multiple and partial, 264-265 
mutually reactive series in, 250-252 
Pearsonian coefficient of, 261-263 
scatter diagram, 252-260 
estimating from, 258-260 
^'line of best fit” ("regression 
lines”), 252-253 
"line of regression,” 259n. 
'^regression coefficient,” 259n 
variables, dependent, 26071. 
independent, 26071. e 

table, 254 • 

of time series, correcting for price 
changes in, 257-258 
types of, 246-249, 253 
variables (see Variables) 

Correlation curves, 121-122 
Cowden, Dudley Ji, 265n. 

Cox, Garfield V., 37371., d877».-388a.,* 
3916. 
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Grain’s “Industrial Marketing,” 41 
Crowder, Walter F., 265n. 

Crowelf Publishing Company, 445, 504 
Croxton, Frederick £., 265n. 

Crum, W. L., 9n., 265n. 

CumulAivh curve, 103 
Cumulative* and non-cumulative series, 
120-121 • 

Curtis Pulblishing Company, 445, 504 
Curve charts, checking hdi for, 122 
Curves, arithmetic, 116 
^checking list for, 122 
comparing many,. 107-108 
coordinate, 101-102 • 

correlation, 121-122 
cumulative, 103 

differentiating and designating, 107 
free-hand, time series, 3fl7-309 
French or irregular, 661 
frequency (see Frequency curves) 
historical, 245-246 
logarithmic, 109-110, 116 
scales for, 110-115 
shifting, 118 
non-cumulative, 103 
normal (see Normal curve) 
slopes of,*115-116 
smoothed, broken, and step, 102 
Cutts, Jesse M., 207n. 

Cycles, business (see Business cycles) 
real estate {see Real estate) 

D 

Data, collection of, 14-32 
forms for recording, 26 
* master working tables 52 

homogeneity or uniformity of, 18 
primary sources of, 14r-32 
for reports to executives, 625-628 
sampling of (see Sampling) 
secondary sources, 20, 34-46 
statistical units, 16-18 
Davies, George R., 265n. 

Day, Edmund E., 69n., 264n., 265n. 
Deciles, 164, 178-181 
Definitions of units, 65-66 
Demand conditions, 494 
De Moivre, 230 
Dennis, SamueUJ., 207n. 

^D^mison Manufacturing Company, 3 
Damr Real EiUUe Exchange, 5417 


Dependent variable, 97n. - * 

Deute, A. H., 606n. 

Deviation, standard, 215, 219-221 
computation of, 220-221 
formula, 220 

root-mean-square, 219-220 
significance of, 222-224 
standard error of estimate, 21 9n., 
220n.^ 241 

time series reduction, to terms of, 224 
Dewing, Arthur Stone, 581n. 
Differentiating and designating curves, 
107 

Dispersion and skewness, 164, 215-226 
average deviation, 215, 217-218 
computation of, 218-219 
formula, 219 

coefficients of (coefficients of vari- 
ation), 221 
formula, 221-222 
deviation (see Deviation) 
measures of, 215 
quartilc deviation, 215, 217 
range, 215-217 
semi-interquartile, 217 
skewness, 225-226 
Distributions, statistical, 132-163 
according to kind, 132 
array, in order of size, 132-133 
variables, 133n., 135 
variate values, 133n. 
class intervals, 134r-141 
classification by, 138-139 . 
determining, 140-141 
range, limits and mid-points, 13&- 
140 

frequency, 138-152, 226, 233-237 
class intervals, uniform and non- 
uniform, 145-146 
open-end table, 146 
comparing, 149-151 
cumulative, 146-149 
curve, 137-152, 226, 235, 239 
graph, 137 
percentage, 1^ 
types of, 144-146 
geographical or spatial, 152-155 
maps, 153-155 
historical, 155-157 , • 

contracts, construction, graph, 156 
seri^, continuous,* 135-186 ' ^ 

non-continuoua, 136-137 
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Dividers, 662-665 
Dow, Jones and Company, averages,' 
668-570 

of lipnd prices, 210 
of stock prices, 210 
Drawing, and lettering, 77-78 
statistical {see Statistical drawing and 
lettering) 

Drawing boards, 660 
Dun and Bradstreet, Inc., 208 
Dun’s Review^ 393 
Index number, 191n. 

Duning, Raymond W., 602n., 608n. 

E 

''Economic Fluctuations,” Review of 
Economic Statistics, 330n. 

Economic and statistical services, 4i~42 
Economic service, forecasts, 394-395 
practical use of, 395-397 
rigid devices and systems, minor im- 
portance of, 392 
Editing the returns, 48 
Ely, Richard T., 526n., 528n. 

Emmet, Boris, 412n. 

Employment and wages, indexes of, 210 
Engineering News-Record, index of con- 
struction costs, 209 
£2numerators, field, checking, 29 
instructions to, 27-29 
schedules for, 26-32, 637-638 
Estimation and indirect sources, 45 
Executive control and management sta- 
' tistics, 613-632 
control, centralization of, 625 
cooperation necessary, 630-631 
operating department, reports of, 619- 
620 

organization, internal, chart of, 615 
department organization, 614 
functional organization, 614 
line, 614 

line-and-staff, 614 
rdation of chief executive to, 610- 
617 

statistical, 613-614, 623—625 
planned operations contrasted with 
actual performance, 620-621 

of ^performance, actual re- 
'4^t8 oompai^ with, 621-622 
statistical control, 613-614^ 623-625 


Executive control 4uid management sta- 
tistics, statistical department, rela- 
tion to management, 628-630 
statistical organization, 623-625 
Executives, chief, comptroller’s report 
for, 618-619 

routing of reports for, 625-628 
and external statistics, 622-623 
and internal organization, 616-617 
higher, opefkting department’s re- 
ports for, 619-620 

power, multiplyii!cg, 631-632 ^ 

Ezekiel, Mordecai, 265n. 

F 

Factories, location of, 454 
Fairchild PubliccUions, index, 208 
Favorable facts, tendency to show only, 
34r-35 

Federal Reserve Board, industrial index, 
209 

Federal Reserve Bulletin, 37, 610 
Statistical work of, 610-611 
Federal Trade Commission, 36 
Feiker, F. M., lOn* 

Field enumerators {see Enumerators, 
field) 

Field investigations, 507-509 
Financial magazines, 393 
Fire insurance, 229 
Fisher, Arne, 231n. 

Fisher’s index, 199, 207 
Footnotes and references, 69 
Ford, Henry, 271n. 

Forecasting, business {see Business fore- 
casting) 

in business statistics, predominance of, 
365-366 

economic service, 394-397 
general and special conditions, 375-379 
by industries, 394 
methods, 372-373 

cross-section analysis of current 
situations, 372 

historical analysis of past conditions, 
372 

mathematical, 362-363, 373-375 
projectiem, 373-375 
too highly refined, 363 
objects of, 360-361 
services!* 370-394 
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Forecasting, stock marked, 375 
Formal presentation of data, 62 
Forms for^cording«data, 26 . 
printed, 78 

Fredericks, J. G., lOn. 

Free-han<PcuKes as trends, 308, 393 
French, Thom*ks E., 65Qn., 668 
French or iijegular curves, 861 
Frequency, normal, law of, 234-236 
Frequency curves, 121-122 • 
comparing, *149-151 
cc^ulative, 146-149 • 
graph, 151 

“ogive” or “S-curve,”*l47 
normal, 144 
smoothing of, 141-144 
column diagram, 141-142 
frequency polygon, 141-142 
sampling, 142-143 

Frequency distribution (see Distribution) 
G 

Gains and losses, charts of, 87-88 
Gantt chart, production, 461-465 
Gantt task aqjd bonus plan, 486-487 
Gardiner, J. H., 518n. 

Gas, natural, production in U. S., 13 
Gauss-Laplace curve, 230 
General Motors Corporation, 272-273 
Divisional Index, 402-404 
Purchasing-power Index, 446-450 
Geometric average, 166 
Geometric progression, 11 In. 
iGilbreth, Frank B., 478n. 

Gilbreth, L. M., 477n.-478n. 
Goldenweiser, E. A., 607n. 

Goodyear Tire and Rubber Company, 
271 

Graphic methods, 76-125 
charting, accuracy in, 79 
tftle, 79-80 

charts (see Charts; Curves; Time 
charts) 

drawing and lettering, 77-78 
forms, printed, 78 
importance of, 77 
maps, statistical, 122 
• summary of rufes for, 123-125 
\ Graybar Electric Company, 516-518 


Halsey premium plan, 485 
Hand tabulation, 50-53 
and machine, 50-51, 53-60 
Haney, Lewis H., 373n. 

Hardy, Charles O., 373n., 388n. 
Harmonic average, 166 
Haskell, Allan C., 304n., 306n. . 

Harvard Economic Society, 376-377 
Harvard Index of General Business Con- 
ditions, 377 

Harvard Monthly Index chart of econo- 
• mic conditions, 376-378 
Harvard Review of Economic Statistics, 
376 

Hazen, Allen, 302n. 

Historical curves, 245 
“Hollerith” machines, 54 
Homogeneity or uniformity, 18 
Horizontal and vertical-bar charts, 83-84 
Horizontal scale on time charts, 99-101 

I 

I.B.M. sorting and tabulating equipment 
53, 647-653 

Increment, annual and monthly, 299 
Independent variable, 97n. 

Index, advertising, Printers* Irik, 209 . 
Babsonchart, 385 
bond prices, 210 
Brookmire panorama chart, 383 
building cycles, 1830-1837, 331 533 
720-722 
business, 346 

business conditions, 354 ^ 
business cycles and building cycles, 
331, 719-722 

Cleveland Trust Company, General 
Business Activity, 719 
construction costs. Engineering News- 
Record, 209 

cost of living. National Industrial Con- 
ference Board, 209 

department store sales. Federal Re- 
serve Board, 209 
demand 494 
dividend payments, 210 
employment and wages, t^nited States 
Bureau of Labor Statistics, 210 
Fairchild’s, 208 
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Index, CteeittI Moton^DivlBAo^ 4O2^40i 
Harvard Index dArt,"^ busineite con- 
dillone, 377 

economic conditions, 376-37B 
industrial, Fed^tril Reserve Boa^rd, 309 
industrial corporation prctfits, 210 \ 
living costs, 677’-078 ^ 

Moody’s, MontMy Busmens ^'Activity, 
390 ^ • I 

purchasing-povSer, Qederal * Motois, 
446-450 

Real Estate Analyst’s 388 
retail price, 207 * * ' 

seasonal, 325rW7 
security price, 570 

Btdndard’s industrial production, 389 
stock prices, Dow, Jones and Com- 


pany, 210 

New York Times, 210, 571 
wholesale food prices. Dun and Brad- 
street, 208 
world price, 209 
Index numbers, 164, 184r-210 
average, arithmetic, complete, 203 
quantity-weighted, 205 
weighted, 203 
Bradstreet’s, 191 
definition of, 186 
Fisher’s, 100 • * 

mibthqdebf esMnlatto, MB 
misapplication tji, ' 

perOsntai^b salati^401'^li^/ 
and data oMiljMtadv 102 
price, 208 ^ 

* publ^ed, 207 ^ * 4 

purpose of^ 184 # « 

retail price, 208 , 

selection and construction of, 1S7<«^M8 ^ 
unweighted aggregative, 180-190 ^ 
unweighted arithmetic mean pf rela- 
tives, 194-|95 


unweighted geometric mean of rela- 
tives, 106-11)7 



use of, in 
value-^ 


weighted aggielative, 190-101 
weighted arhhmm mean of relativeB, 
187-148 .. 

r v^i^ted (ecmetiiA — atMiW. 

148^188 


Index numbeMv^Rdighting, commop e^ron 
and difficulties in, 203 
general problem of, 208-2b6 
methods of, 200-201 
nature and purpose of, 200 
weights, base period for, 201-203 
monetary value, 201 ' 
quantity, 205 
value, 205-206 
wholesale t>rice, 207*-208 
graphs, 185 

Industrial corpoiation profits. Standard 
StatisdoB Co., Inc., index of^ 210 
Industriid sUf veys (sec ^nrey s, industrial 
and commercial) ' 

Ink^and inking^ 663-664 
Instructions to dhumerators, 28-^29 
Instruments, drawing, list of, 669 
Insurance, firO, 229 
surveys of, 686-687 

International Business Machines Cor- 
poration, 53, 649 

International Harvester Company., 6 
International Magazine Company^, 445- 
446, 504 

Investigation, planning, 16 
Investing, in rdation to iong-timri>or 
cycucal Swings, 568-570 
Investment analysis, 557^93 
bonds, 568-564 
types of iirrestmeuta, 561-562 
United States and other government, 
562-563 

common stocks, range of, 568 
distinction between investment afid 
specuikdob, 559 * 

diversification of investments, 592-593* 
investigating business concerns, 572- 
593 

analyses of financial ^tements, 
577-578 

bond and stock prices, indexes of, 
1900-1937, 590 

capital stfucture and ownership, 
576. 

checking up on the management, 
574r-575 

common-basis statement, 578-579 
earnings, bond yields, computation 
of, 591 

ratios of stack prices to, 588 ^ 

vcatily of, 684-587 



tNBm- 781 

• • • 


Invjsteent analyBis, im^stigating busi- 
ness concerns^ earkiings, records, 
5»1 • 

stock and bond prices in relation 
to, 587-591 

factoft iif, location of enterprise, 574 
nature bf industry, 572-574 
growth of an enterprise* 576-577 
investment values, tabulation for 
studying, 582 * 

m&rkets for concern’s products, 575- 
* 576 • 

principal and income, safety of, 592 
ratios, use Of, in -ana^ziag stater 
ments, 579-581 

opportunities hi .intestment, 557-558 
place of statistics in, 558-r559 
preferred and common stocks, 564-565 
real estate and real estate mortgages, 
566-567 

relation of investor to investment, 559- 
560 

securities, active listed, 567 
price indexes, 570 
statistics in, 7-8 
stock market, 1897-1937, 569- 
stocks andl)onds, 560-561 
data on, sources of, 568 
forms of stock capitalisation, 565- 
566 

Investors Omde Stock Rsportsi 589 
J 

Jerome, Harry, 231n^, ^35n. 

Job standardizatiqp, 469-r4TO 

• 

K 

Kansas City occupancy survey, 638 
Karsteh, itarl G., i306n.-^6n. 

KendaU, M. G., 146n., 234 
Key punch, 55 
electric, 650 

lAotor-drive duplicating, 650 
Knickerbocker Ti^st Company, 271 
Kuznets, ^mon S., 302n. 

Jj ' ' ■** 

■ i .f 

Labor statistics, 453-491 
^ factory location, 454 

oroductioh control, 454-456^^# 


iiabor statistics, and surveys, ^4^675 
turnover, 489-490 ’ . ^ 

{See also Production and J^hor 
statistics) 

gniphic determination of, 256-258 
Land, and building vacancy statistics, 
536-537 

sitt^ speculation, 529-^30 
utilization, ripening costs in, 528 
Law of normal frequency, 254-236 
Lazarus, Arthur, 512n. 

Least squares, ^'line of best fit,”^297 
method of, 297-300 
Lettering, 77-78, 665-670 
free-hand, 667-669 
general proportions of letters, 667 
instruments, 665-667 
pens, 665—666 
title, 64 

Letters, capitals, 669 
inclined, 669- 
vertical, 669 
lower case, 669 
inclined, 669 
vertical, 669 

printed titles, pasting on, 669-670 
spacing, 669 

typewriter, 670 ' 

“Line of best fit,” 297 
“Line of regMsisn,” 252n., 259o. 
Location pro^mCi. 2 ^ ^ 

Logarithmic chcfts, comparing, 118 
slopes of ciirves.^^, 115-116 
Logarithmic curves, 109-110 
scales for, 110-115 • 

shifting, 118 
Logarithmic paper, 112 
Logarithms, 723-747 
computation by, 725-728 
interpolation, 725 
table of, 729-747 • 

Logistic curve, 276 

{See also S-curveS) 

Los Angeles ChamW of Qdininefce 
Bid{erin^l0^.35n. , 

Lumber, produotio^t 211 

I^cQcath, It^eth, 422n. 

Machine burmn records, 465-468 
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Machine tabulation, occupancy survey 
example, 53--57 
sales record example, 56-62 
coding, 58 
instructions, 58-59 
data, formal presentation of, 62 
sorting and tabulating, 60-62 
textual presentation, 62 
over-punching, 69n. 
punching from eoded records, 59^^ 
table, 56 ' . 

Magazines, financial, 393 
Manufacturing, expenses, 421-422 
statistics in, 4-5 
Maps, 153-155 

automobile registrations, 1937, 162 
cross-hatched, 155 
density, 154 
population data, 161 
statistical, 122 
Marchaiit calculator, 654 
Market Guide, 44 
Market Research Sources, 36n. 

Market surveys, 415-417 
Marketing, statistics in, 5-6 
Marketing analysis, 499-522 
advertising, statistics in, 502-504 
consumer, point of view of, 499-500 
consumer market' data handbook, 497- 
499 . 

demand and supply measurement, 
493 

demand , eonditions, 494. 
indexes, .494 

supply conditions, .competition, 
nature and extent of, .494-495 
field investigations, primary forecast- 
ing data, 507-509 
questionnaire, sales-estimate, 508 
fitting the product to the market, 
500-502 ^ 

questionnaire, 501 

forecasting data, collecting, 509-512 
forecastibg sales, 507 
market areas and sales territories, 
determination of, 495-497 
market trends, 512 

marketing and thebusinsss cycle, 513-' 
51§ 

. cancellatiSn of olpdsirsyfilfik^ ^ 
c delay in deliveries^ 515^16 
preliminary study of , 493 ‘ 


Marketing anal^^s, price situation--516- 
518 

* prospects, selection of, 519-522 
questionnaire for, 505 
random movements 516 
retail trade areas, 497 ** ’ 

sales management statistics, 504-507 
seasonal vaHation,^ 512-513 
storey, locating, 518-519 
transporta^on time and cost, 518 
Massachusetts Department of Labor, 38 
Master working table, 52 
Matson, Clarence H., 35n. 

Mean, normal curve of, 241 
probable error of, 230-238 
rignificance of, 242-243 
Mechanical aids in statistical work, 647- 
657 

alphabetic printing' punch, 650 * 

45- and 90-column, 650 
Burroughs adding machine, 652 
Burroughs calculator, 653 
calculator, comptometer, 653 
counting devices, 647 
electric key punch, 650 
I.B.M. sorting machine, 651 
I.B.M. tabulator, 651 
Marchant calculator, 654 
Monroe calculator, 654 . 
motor-drive duplicating key punch, 650 
Powers sorting machine, 651 
Powers 45- and 90-column tabulator, 
651 • 

punch cards, examples of, 648 
Remington Rand adding machine, 652 
slide rule, 655-657 
operating, 655-656 

sorting and tabulating machine, 647- 
653 

Sundstrand adding machine, 652 
tabulating cards, examples of, 648 
tallying machine, 647 
Merchandising companies, budgeting in, 
422 

Merrick, D. Y., 474n., 479n., 481n. 
Methods, statistical, technical, value of, 
6 - 10 . 

Mills, F. a, 188n., 213n.^ 220n., 230, 
265n., 306n. 

Miner(dsYearhdok,4S 
Monroe calculator, 654 
MonMy Labor 207, 490 . 
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V 


Moqily’s Investors Servlbe, 42, 379, 389- 
• 391 

index df dividend payments, 210 
Moody’s Index of Monthly Business 
Activity, 390 
Mood:)f s Manual, 568 
Morehouse, Edward W., 526n., 528n. 
Mortgages, real estate, 566^567 
Motor vehicle registrations, map^l62 
Municipal bonds, 563-564 • 

. • 

National Bureau of Econotnic Research, 
41 

National City Bank of New York, 605- 
606, 609 

Economic Conditions^ 392* 
monthly letter, 609 

National Conference on Construction, 
27, 52, 537n. 

National Cordage Company, 270 
National Industrial Conference Board, 
cost of living index, 209 
Natural gas, production of, in U.S., 13 
New York, Industrial Commission of, 38 
New York Stock Exchange. 567 
call money rates, 216 
New York Times, index of stock prices, 
210, 571 

‘‘range” of call money rates, 1920- 
1937, 216 

“range of stock prices, 1920-1937, 216 
Weekly Index, 393 
Newsprint Service Bureau, 105 
Noii-cumulativc and cumulative series, 
• 120-121 

Non-cumulative curve, 103 
“Normal” in business statistics, measur- 
ing of, 278-279L 
Normal curve, 230-237 
properties of, 236 
Normal curve of error, 230, 238 
Normal error, probable, 237-241 
of a distribution, 237, 241 
standard, 241-242 

of the coefficient of correlation, 241 
of the means, 241-242 
significance of, 242-243 
Normal frequenqy, law of, 234r-23fi 
* law of chance distributions, 235 
variate values, 235 - > 


Normal frequency curve, 230 
Normal probability curve, properties of, 
236-237 

O 

Occupancy survey, 26-27, 536-549 
area, to be included, 539 
of “census tract,” 539 
buildings under construction, 543 
classification by types of structures, 
540 

committee, organizing, 537 
idata, analyzing, 546-549 

compilation and tabulation of, 546 • 
gathering, 545-546 
date of, 539-540 
doubling up, 543 
field schedule form, 546, 638 
financing, 537-538 
occupied and vacant units, 543 
planning of, 537 

terms, definition and simplification of, 
544 

for types of dwellings, 540-543 
unit of measurement, 538-539 
Office spa(;e, population and, 370 
Oil, production of, in U.S., 12 
Operation study, methods of, allowances, 
in standard task, 479-481 
base time, 473-477 
continuous timing, 473 
discontinuous timing, 473 
raicromotion method, 477 
cyck)graph, 478-479 
“sino-chart,” 478 
“therblings,” 478 
motion studies, 471-472 
over-all timing, 472 
production in, 469, 481 
repetition timing, 4^2 
stop-watch method, 470-472 
Optical illusions, 665 
Original sources, importance of, 36 

P 

Paper, logarithmic^ 112 
Parabola, 306n. , . 

second-degreOf 297«. * 

Pascal’s arithmetical'.triangle, 232 , . ^ 

F&.tton, A. C.« 266tr. . 
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, Pearl, Raymond, 802n. 

Pearson, Fri^nk A., 536n., 722n. 
Pearsonian coefficient of correlation, 261- 
263 

Pencils, 600 

Percentage relatives, 99n., 118-119 
calculation of, 192-193 
comparison of, 118-120 . 

Percentiles, 164, 178-181 
Perfection Stove Company, 416, 510 
Persons, Warren M., 264n., 302n., 394n. 
Petty, Sir James, 431 
Pinkerton, Paul W., 420n. 

Planning chart, 78 
Planning investigation, 16 
Poisson exponential function, 22n. 

Poor* a MantuU, 568 
Pope Manufacturing Company, 270 
Population, census, 1930, 636-637 
classes and types, 430 
data, census tracts, 429n. 
salesmen’s territories, 429 
sources of, 431 
uses of, 428-430 
estimates, 431 

based on building permit data, 436- 
440 

based on City Directory, 440 
based on a house count, 441-442 
based on projection of rate of 
growth, 432 

based on school data, 440-441 
based on telephones, gas and electric 
services, 441 

based on water services, 433-436 
semiannual, quarterly and monthly 
estimates, 442 

non-permanent, estimating, 442-443 
and office space, 370 
permanent and non-permanent, 430 
and purchasing power, 428-452 
Potential series, 306n. 

Powers sorting and tabulating equipment, 
54, 647-653 
Prescott, Roy B., 875n. 

Presentation of data, 45-46, 62 
Price indexes, retail, 207 
seciuity, 570 

Prices, index numbers, 208 . 
market anatysis and, 516^618 
retail, index numbeh^ 208 '' 


Primary data, c oUection of, 14-32^^ 
and secondary data, 20, 34-46 
Printers* Ink advertising index, 209 
Private organization statistical reports, 
41 

Probability, 231 
law of chance, 231 
coin tossing, 231-232, 234 
ratio of, 231 
Probable error, 237-243 
of the coefficient of correlation, 241 
of a distribution, 237-241 
of the mean, 241 
sampling, 237 
significance of, 242-243 
of the standard deviation, 241 
Production, accident statistics, 490 
attendance and absenteeism, 490 
budget, 410, 418-422 
control of material, 459-460 
control of quality, 468-469 
current wage and cost-of-living data, 
490-491 

dispatching, 468 
Gantt Chart, 461-465 
job standardization, 469-470 
and labor statistics, 453-491 
machine burden records, 465-468 
operation study (see Operation study) 
purchasing and stock records, 457-459 
stock record sheet, 458 
rate setting, 469 * 
routing, 461 
schedule, 455-457 
sales and production program, 456 
wage payment plans (see Wage pay- 
ment plans) 
wage rates, 481-482 
working standards, 468-469 
Progression, arithmetic and geometric, 
llln. 

Protractors, 661 
Punch, key, 55, 650 
Punch cards, 54-55, 648 
Punching from coded records, 59-60 
Purchasing power, compared with popu- 
lation, 443-444 
imiportance of, 443 
local, estimating, . 450-452 
measuring, recent, developmmts in, 
4 4 4- 445 V 

usint data, 444^445 
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Quartiles, 164, ITS^lSl, 217 
Questionnaires, 26, 29-32 
for marketing analysis, 501, 505, 508 
requisiiesiof, 30-32 
returns, care of, 32 

(See also Schedules and question- 
naires) 

• • R 

Range of three common stocks, 568 
Rates of change, 109-110 , 
common units not necessary in com- 
paring, 117-118 
Reading Railroad, 270 
Real estate analysis, 524-5&5 
appraisal or valuation, 549 
data requirements, 553-555 
general principles in, 549-550 
practical valuation method, 550-552 
procedure, illustration of, 552-553 
theoretical valuation method, 550 
in banking, 599 
boards, 39 

construction and, 678-679 
cycles, 530-532 
and building cycles, 
chart, 553 
control of, 535-536 
expansion, reasons for, 527-528 
forecasting demand, 525-527 
land utilization, ripening costs in, 
528 

long-time trends in, 531-532 
lots as investments, 529 
mortgages, 566-567 
occupancy surveys (see Occupancy 
surveys) 

random movements, 530-531, 534-535 
site land, speculation in, 529-530 
st^itistics in, use of, 524 
jsupply and demand in, 524-525 
surveys of, 678r-679 
trends, seasonal variations, cycles and 
random movements, 530-531 
vacant lots, costs of carrying, 528-529 
Real Estate Analyst, 379, 391, 393 
Real Estate Analysts, Inc., 533 , 

• Reasonableness, 19-20 
Reference bbbkd, 42^ 


References, and footnotes, 69 
“ Regression coefficient,” 259». 

Relatives, percentage, 99n., 118-119 
Remington Rand Inc., 54, 649 
adding machine, 652 » 

Representativeness or adequacy, 18-19 
Requisites of a good table, 69-70 
Retail price index numbers, 208 
Retail trade areas, 680-681 
Returns, care of, 32 
editing, 48-50 

Riggleman, John R., 76n., 78n., 83n., 
11 3n., 659n., 720n., 722n. 

R^rty, M. C., 76n., 256n., 266n., 30dn., 
365n., 614n., 6l8n., 625n. 

Ruling and spacing, 66 
Ruling pens, 663 

S 

”S-curve8,” 276, 287, 293, 301-307 
Sales, analyses of, 5-6 
budget, 410-418 
forecasting, 507 

management statistics, 504-507 
market surveys in, 415-417 
and production program, 456 
record, example, 56-62 

(See also Machine tabulation) 
territories, 496-497 

Sales Management Reference Number, 43 
Sampling, and business forecasting, 362 
of data, 21-26, 237 
forecasting, business, 362 
limitations of, 362 
principles in, 21-22 

decreasing variation, 21-23 
large numbers, 21-22 
small numbers, 22 
statistical regularity, 21 
selection, 23-25 
checking adequacy bf, 24-25 
directed, 23 
random, 23 
stability test of, 25 
Scales, bar-chart, 84-85 
horizontal, on time charts, 99-101 
for logarithmic charts, 110-115 
statistician’s, 664-665 ^ 
units, 86-87 ‘ 

“Soattw diagram," 262-260 
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Sch^ul^r (or field enui^erators, 26-28 
' Ka^im City occup^py survey, 638 
1930 population census, Cf3&-637 
for* secondary data, 34 
Schedules and questionnaires, 26, 30-32 
for field enumerators, 26-32 
forms, 635-646 

letter to accompany questionnaire, 640 
postcard questionnaire, 642 
questionnsdre to accompany letter, 641 
questionnaire and letter combination, 
639 

questionnaire offering reward, 643-646 
requisites of, 30-32 
returns, care of, 32 

S^spnal variation, 275, 277-278, 313-327 
changing, '324-325 
eliminating effect^ of, 32^326 
. i{qk-relative method, 322-324 
‘methods of measuring, 316 
monthly totals or monthly averages, 
method of, 317-318 
nature of, 313-315 
period of, calculation, 316 
preliminary considerations, 315-316 
ratio-to-trend method, 318-319 
ratioB-to-moving-average method, 320- 
322 

ratios, seasonal, adjustment to average 
100 per centj 319-320 
seasonal indexes, 325 
on monthly basis, 326-327 
for weekly data, 327 
Secondary data, 20, 34-46 
assenibling and presenting, 20, 45-46 
estimation and indirect sources, 45 
and prima?ry data, 14-33 . 

^ schedules and forms for, 34 
^ soured* of, important, 36 
' ' decrist, Horace, 236n. 

‘ "fecular'treni,” 276n. 

Securitjtra, and ]i^b]^ge Commission, 36 
. Security-f'ii^ ‘National Bank of Los 
Summary, .609 
Security price indexes, 570 
Semirayerag^, mietliqd of, .26^297 
Service establishments, hotels, places of 
amusement, 681-682 
Shaw, A. W., 454n. 

Shoppings areLS, 680-681 
SUk industry, ^ . 

land, speodlal^ 


Size, comparisq^is of, 104 
Skowness, 164, 225-226 • 

Slide* rule, 655-657 . c> 

Slopes of curves, meaning of, 115-116 
Smoothed, broken and step curves, 102- 
104 , < * 

Sorting and tabulating equipment, 53-57, 
647-653c; 

Sources, government, 36^8' 
original, importance of, 36 
secondary, 20, 34^36 c 
of secondary data, 36 
Special Libraries Association, 42 
Speculation, Jand site, 529-530 
Squares, square roots, and reciprocals, 
tables of, 749-759 
Standard Conveyor Company, 519 
Standard deviation (see Deviation) 
Standard error, 241-243 
Standard Statistics Company, Inc., 42, 
210, 568, 589 
Base Book, 44 
index of bond prices, 210 
index of bond yields, 210 
Investors Guide Stock Report^, 589 
Standard Statistics Index of Business 
Conditions, 389 

Standard Trade and Securities Service, 
379, 387-389 

stock prices, index of, 210 
State bonds, 563 
Statesman's Yearbook, 43 
Statistical Abstract, 43 
Statistical analysis, 361-362 
Statistical checking list, 364-365 
Statistical department, relation to bud- 
geting, 426 ’ 

Statistical distributions (see Distribu- 
tions) . . > 

Statistical drawing and lettering, 659-670 
division of space with scales and 
. dividers, 664-665 

drawing equipment, charting paper, 
669-660 

compasses and dividers, 662-663 
drawing board, 660 
erasers, 664 

^ French or irregular curves, 661 
ink, 663-664 

instruments and materials, list ..c^> 
669 ' . ' .. 

let^ring instruments^ 666-667;; I 
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Sj^istical drawing akd lettering, draw- 
• ing equipment, pencils, 600 
pit^tractors, ^61 
ruling pens, 663 
scales, statistician’s, 661 
T%qifare, 660 
triangles, 661 
optical illusions, 665 • 

\See*al8o Lettering) ^ 
Statistical maps, 122 • 

Statistical* methods, in business, direct 
^ value of, 8-9 • 

simple, 9-10 

.. technique of, 10 • 

Statistical projects, 407 
Statistical reports, preparation of, 713- 
717 

Statistical units, definition of, 16-18 
Statistical work, mechanical aids in, 
647-657 

Statistics, and accounts, 617-618 
in banking, 6-7 
bogus, 35 ‘ 
in business, l-i3 
application of, 2-3 
location problems, 2 
me anfng of normal, 278-279 
in investment, 7-8, 558-559 
land and building vacancy, 536-537 
in manufacturing, 4-5 
in marketing, 5-6 
practical usablencss of, 8 
in real estate, 524 

use of, in analyzing business changes, 
273 

Stock market, boom of 1929, 272 

• 1897-1937, 568 

as a forecaster, 375 
Stocks, data on, 568-569 
form of capitalization, 565-566 
New York Times, index of, 210 
preferred arid common, 564-565 
prices, indexes of, 210 
, (See also Investment analysis) 
Stores, locating, 518-519 
Stubs or row designations, 66 
Studebaker Corporation, 586 
Simdstrand adding machine, 652 
Supply conditions, 494-495 
Survey of Currgnt Business, 496 

• Surveys, industrial and commercial, basic 

outlittft for, 671^719^ i 
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Surveys, industrial mid commercial, dajai 
sources of, 692-712 
factors m, 671-692 
banking and finance, insurance, 
686-687 

buying habits of local consumers, 
681 

civic, social and related facilities 
and activities, 691-692 
construction and real estate, 678- 
679 

consumer purchasing power, 676- 
677 

i employment and unemployment, 
675-676 

expositions, fairs, and conventions, 
687 

Federal, state, or county gpvern- 
ment establishments, 689-690 
historical sketch, 672 
industrial and commercial associa^ 
tions, 688 

industrial development, 674 
labor sitiiation, 674-675 
living costs and related indexes, 
677-678 
location, 672 
materials, 673 

municipal administration and re- 
lated data, 690-691 
newspapers, radio stations, 687 
population, 672-673 
power, 673 

public warehousing, 685 
retail trade and metropolitan 
shopping area, 680-681 
service establishments, hotels and 
places of amusement, 681-682 
transportation facilities, 682-685 
universities and other institutions, 
688-689 , ^ 

wholesale trade,^ 679-680 
market, 415-417 

occupancy (see Machine tabulation J 
Occupancy surveys) 
real estate, 678-679 

T 

T-square, 660 

Tables, accuracy in, 70 • 

arrangement x>f items, 67r-69. 
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T<i.bles, captions or columnar headings, 
66-66 

checking, 70 

definitions of units, 66-66 
examples of, 71 
footnotes and references, 60 
general and special-purpose, 63 
master working, 52 
parts of, 63 

requisites of good, 60-70 
ruling and spacing, 66 
sales record example, 56 
stubs or row designations, 66 
title, 63 ' 

lettering, 64 
typewritten, 64 
Tabulating cards, 54-55, 648 
Tabulating and sorting equipment, 53-57, 
647-653 

Tabulation, 48-71 
accuracy in, 70 
coordinate paper in, 70-71 
editing the returns, 48-50 
' classification, 40 
final, 50 

hand and machine, 50-62 
machine (see Machine tabulation) 
tables (see Tables) . 

‘‘taUying,” 51 
machine, 647-653 

Tabulators, I. B. M. and Powers, 651 
Tallying, 51 
machine, 647 

Taylor, Frederick W., 460n.~470n., 614n., 
‘^721n.-722n. 

Taylor differential piece-rate plan, 485- 
486 

Technical methods in business, indirect 
value of, 0 

Technical periodicals, 40 
Term reports, 407 ^ 

Textual presentation of data, 62 
Thompson (J. Walter) Company, 406n. 
Time charts, arithmetic progression 
- llln. . - 

bar,0&-O7 

bars and curves, comparing, 104-105 
coordinate lines and curves, emphasis 
of, iOl-103 

curves, cumulative, 103 
e logarithmic, lOO-UO '** 

0 catoS:for» 11^115 / * 


Time charts, curved logarithmic, shift^a, 
118 

slopes of curves, 415-116 
non-cumulative, 103 t 

of size changes in time series, 97 
axis of abscissas, 97n. 
axis of ordinates, 97n. 
coordinates, 97n. 
dependent vaiiable, 97n. 
independens} variable, 97n. 
smoothed, broken and step, 102-104 
forms, choice of, 104-106 
geometric progression, llln. 
horizontal scale on, 99-101 
logarithmic, comparing, 118 > 

percentage relations, 118-119 
rates of change, 109-110 

common units not necessary, 117- 
118 

comparisons of, 116-117 
time series, methods of comparing, 119 
time variables, components of, 108 
size differences, 104 
vertical scale on, 97-99 
Time series, analysis, importance of, 270- 
273 

bar charts for, 96-97, 104 
basic trends, 286-310 
in business, 270-283 

causal elements, do not operate uni- 
formly, 274-276 

causes affecting business develop- 
ment, 274 

erratic fluctuations, 275, 279-280 
tendency of business to increase, 275 
business cycles and erratic movements, 
3 30-^55 
comparing, 119 
curves of size changes in, 97 
data, preliminary preparation of, 281- 
282 

estimation of the future, 280-281 
four distinct movements in, 275-280 
methods, technical, importance cf 
studying, 282-283 
seasonal variation, 275, 277-278 
Time variables, components of, 108r-109 
Title lettering, 64-65 
Trade, retail, areas, 680-681 
wholetele^ eurveye 6^9-680 
Trade papf)i!8, 40. - 
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'i;i[|^8portation, marketing analysis of, 
• 518 


survSys of facilities, 682-685 
time and cost, 518 
Trend, arithmetic, 287 
stVSai^t line, 349-350 
basic or long-time, 275-277 
change in slope and t^^e of, 289 
compound-interest, 288, 301^ 
elimination of, 309-31# 
extremefitcms, elimination of, 291-292 
^ fitting, available Ihethods of, 292-293 
formula, determination of, 288-289 
free-hand curves as, 293, 307-309 
long-time, in real estate, 531-532 
market, 512 • 

measurement, importance of, 286 
matheiiiatical, 307 * 
proper period essential, 289-291 
moving averages as, 293-295 
three-year, 294 
nature of, 286-287 
ordinates, monthly, 298-300 
period, importance of later years, 290, 
292 

S-curve, 276, 287, 293, 301-307 
plotte*d, on arithmetic paper, 303 
on probability paper, 304 
Triangles, 661 
Turnover, labor, 489-490 


U 


Uniformity or homogeneity, 18 

Unit, common, in charting, 86-87, 90 
necessary on arithmetic charts, 106 
not necessary in comparing rates of 
change, 117-118 
statistical, 18 

United Business Service, 379, 391-392 

United States and other government 
bonds, 562-563 

Ufiited States Bureau of the Census, 15n., 

• 43, 68n., 207n., 430, 432-433 
reports, 132 

United States Bureau of Labor Statistics, 
189n., 203n., 206n., 208, 210 

United States Department of Agriculture, 
207 

* Crop9 and Ikarketa^ 37 
Yearhaoh ttf AgricuUure, 43« 
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United States Department of Commer^nr 
27, 36n., 537n., 671n. 

Bureau of Foreign and Domestic Com- 
merce, 38, 209 
Commerce Reperte^ 37 
Conaumera Market Data Handbook^ 
44 

Market Reaearch Sourceat 44 
master working table, 52 
Monthly Summary of Foreign Com- 
mercCf 37 

Survey of Current Bueineaa, 37-38 
United States Department of Labor, 490 
• Monthly Labor Review^ 37 
Units, common, on arithmetic charts, 
106-107 

definition of, 65-66 

not necessary in comparing rates of 
change, 117-118 

Universities, surveys of, 688-689 
University bureaus of business research, 
42 

University of Denver, vacancy, survey, 
547 


V 

Vacancy survey {aee Occupancy survey) 
Vacant lots, 528-529 
Variables, 97n., 133n., 135 
dependent, 260n. 
independent, 260n. 
methods of comparing, 245-246 
graphic, 245 

historical curves, 245-246 
“Scatter diagrams,” 245-246 • 

time, 104, 108 
Variation, 164 • 

coefficients of, 221-222 
seasonal (see Seasonal variation) 
Vertical-bar charts, 83-84 

W 

Wage payment plans, 482-489 
Barth premium plan, 485 
comparison of, 483 
Gantt task and bonus plan, 486-487 
Halsey premium or gain-sharing plan, 
485 

piece-rate beginners, incejitives for, 
487-489 • 

selection of, 487 * ^ 

straight piece-ri^iec, 484H185 
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payment plans, Taylor differential 
piece-rate plan, 485-486 
. time or day rate, 482 
Wage rates, 481-482 
Wall,*' Alexander, 580n., 602n. 

Wall Street Joumalf SUB 
Walworth Maniifacttiring Company, 3, 
396n. 

Valve and Fittings Index, 397-390 
forecasting, by analyzing statistical 
positions,’' 399 
historical analogy, 399 
^’reading the averages,” 399 
time lags and cycle sequences^ 
399 

Wamn, George F., 536n., 722n. 
Watkins, Gordon S., 489n.-490». 

Weaver, H. G., 446n.-446n. 

Weights, base period for, 201-203 
monetary value, 201 
quautity, 205 


V 

Weights, value, 2^6-206 

(iSee also Index numbers) 

Wenzlick (Albert) Real^Estate Cdmpany, 
538 

Wenzlick, Delbert S., 548 
Wenzlick, Roy, 533 
Western Electric Company, 4 
Wholesale pricd^ index numbers, 208 
Wholesale trade, surveys of, 679-680 
Working, Holbi\>ok, 9n. 

World Almanac^ 43 
Wright, Ivan, 534ni^ 

. Y 

Yearbooks, 42-44 
Yoder, Dale, 265n. 

Yule, G. Udny^< 145n., 234n., 265n., 307n. 

Z 

Zangerle, John A., 549 




